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INTRODUCTION 
In recent years, commercial swine producers have 
emphasized increased production and thev have adopted 
management practices for this purpose. The industry has 
witnessed a gradual, but constant, shift to confinement 
operations, as well as a switch from seasonal farrowing to 
year-around continuous farrowing. As a result, pork 
production has become larger and more specialized. Hogs have 
become a sole, or at least major, enterprise (PIH). 
Increases in profitability have not paralleled increases 
in production. Many pork producers have discovered that high 
interest rates, increased capitalization, inflated variable 
costs and government price supports on feed grains have 
pushed production costs upward and thus, narrowed profit 
margins. While the top producers involved in the Iowa Swine 
Records Program are profitable, high production costs are 
leaving a trail of red ink on balance sheets of many 
producers. 
Furthermore, increased competition from the poultry 
industry for consumer food dollars have forced most 
economists to provide little encouragement to pork producer 
hopes for higher hog prices and increased returns to the 
swine enterprise. New marketing alternatives may offer some 
producers hope for achieving higher market prices. However, 
w. 
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most producers realize that profitability in the swine 
business will call for constant analysis and evaluation of 
management alternatives. 
Swine production is a complex business. There are 
numerous management and mating system alternatives that 
affect the profitability of the swine enterprise. The 
information must be integrated to determine how herd 
productivity and profitability are affected. Mating systems 
in combination with various management options could be 
compared through experimentation with live animals. However, 
obtaining information for the numerous possible combinations 
would require large expenditures of both time and money. 
The objective of this research was to take a "systems" 
approach to life cycle swine production by constructing a 
bioeconomic model capable of simulating the effect 
alternative herd management practices and mating systems will 
have on production and efficiency. The "systems" concept of 
swine production research incorporates an awareness that 
there is more to consider than merely the level of 
production. The concept implies that a swine operation is a 
system of many components, all of which play a part in 
determining net return. While level of production is an 
important factor affecting profitability, costs of production 
are equally important in determining the overall efficiency 
of the enterprise. 
w - • 
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LITERATURE REVIEW 
The long-term effects of industry-wide trends toward 
greater efficiency will not be greater profit for the 
participants in the industry, but will result in lower costs 
to the consumer and increased consumption of the products 
(Harris, 1969). These results are desirable, but do not 
necessarily satisfy the producers' primary goal of making 
money. The main source of long-term profitability for the 
producer will lie in enterprise efficiency relative to other 
producers. If the primary objective is relative efficiency, 
the criteria for purchasing breeding stock, selecting 
management practices and expending capital for facilities , 
will be the contribution to the profit or return on 
investment to the operation. 
Dickerson (1970) noted the costs of animal products were 
dependent primarily upon the efficiency of three basic 
functions: (1) female production, (2) reproduction and (3) 
growth of young. He suggested the major genetic opportunity 
for reducing costs seems to be in increasing total product 
value per female with minimum increase in metabolic body size 
or in non-feed costs per female. A review of the literature 
by Rowland (1967) suggested the high cost of producing weaned 
pigs was associated with low annual output of number and 
weight of pigs per sow, which means that overhead costs are 
4 
spread over too few pounds of marketed pork. To improve 
efficiency of energy utilization, feed costs should be spread 
over more young pigs. 
Reproductive Performance 
Age at puberty 
Sexual precocity allows reduction of the unproductive 
interval between the end of finishing and first farrowing. 
Literature suggests that age at puberty varies greatly (135 
to 350 days). A wide range in age and weight at puberty was 
reported by Hughs and Cole (1975). Landrace x (Landrace x 
Large White) gilts reached puberty from 135 to 235 days (mean 
179 + 3.4 days) and at weights ranging from 70 to 125 kg 
(mean 90.5 + 2.3 kg), indicating there is a potential in some 
animals to attain sexual maturity at a very young age. 
Reproductive performance of Yorkshire gilts was observed by 
Young and King (1981). The mean age of estrus for all gilts 
that were bred was 177.8 days and the mean weight was 91.7 
kg. However, estrus was observed in some gilts between 140 
and 149 days of age. Elliot et al. (1982) reported the age 
and weight of Yorkshire gilts averaged 170.3 days and 99.1 
kg, respectively. 
Large differences between breeds and genetic types have 
been observed. The trait appears to be subject to both 
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additive and non-additive effects of genes. Estimates of 
heritability from paternal and maternal half-sibs were .47 + 
.26 and .49 +. *35 for age at first conception {Irgang and 
Robison, 1984). Legault et al. (1975) reported a 
heritability estimate of .40 for age at puberty. These 
results suggest that selection for age at puberty should be 
effective in increasing pigs per sow per year. 
In addition, a heterosis effect of eight to ten percent 
would reduce the age at puberty of Large White x Landrace 
gilts by 30 days as compared to their purebred Large White 
contemporaries (Legault et al., 1975). Hutchens et al. 
(1983) reported significant heterosis effects for several 
crosses. Crossbreds were younger (7.9 d) and heavier (1.2 
kg) at puberty than purebreds. Estimates of individual 
heterosis for specific breed crosses were also reported by 
Johnson (1981). All heterosis estimates for age at puberty 
were negative. Averaged over all experiments, crossbreds 
were 14.3 days younger at puberty than purebreds. 
The conditions of rearing or feeding prior to puberty 
may affect the age at puberty. Friend (1977) reported that 
age at puberty averaged 168 days (range 127 to 212 days) and 
was not affected by energy or protein levels in the diet. 
Conversely, MacPherson et al. (1977) studied the performance 
of gilts reared on a restricted plane of nutrition and gilts 
fed ad libitum. The mean age at puberty of the restricted 
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gilts was 186 17 days, and their mean weight was 89+9 kg. 
The gilts fed ad libitum were significantly older and heavier 
at puberty (203 + 15 days and 120 + 27 kg). 
Anderson and Melampy (1972) reviewed the effect of plane 
of nutrition on the onset of puberty in 14 experiments and 
found a low plane of nutrition hastened puberty in five 
experiments and delayed puberty in nine experiments. Brooks 
et al. (1975) reviewed the literature for the effects of 
nutrition during the growing period and the oestrus cycle on 
the reproductive performance of the pig and concluded that 
the age at which the gilt reaches puberty is influenced very 
little by nutrition. 
Conception rate 
Conception rate at initial breeding was lower among 
gilts bred on first versus third observed estrus (69.6 vs 
77=4%) (Young and King, 1981). MacPherson et al. (1977) 
mated gilts at puberty, second and third oestrus. Conception 
rates were 83, 86 and 94 percent. Pay and Davies (1973) 
allocated 55 kg gilts into one of three treatments: (1) 1.4 
kg of feed daily to service, mated at puberty (77 kg), 1.4 kg 
of feed daily throughout pregnancy; (2) 1.4 kg of feed daily 
to service, mated at third heat (97 kg), 1-4 kg of feed daily 
throughout pregnancy; and, (3) 2.3 kg of feed daily to 
service, mated at third heat (116 kg), 1.4 kg of feed daily 
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throughout pregnancy. They found that gilts on treatment 1 
had a significantly lower conception rate than those on 
treatments 2 or 3. 
The influence of age and weight at puberty on conception 
rate in the gilt was investigated by Hughs and Cole (1975). 
Fifty-three crossbred Landrace gilts were mated twice at 
second heat and slaughtered the twentieth day of gestation. 
Neither age nor weight at puberty significantly affected 
conception rate. 
Conception rate is not significantly affected by length 
of lactation (Hays et al., 1978). They reported conception 
rate was not significantly affected by length of lactation, 
though farrowing rate was slightly higher (68.2 vs 64.6 
percent) following 18 and 24 day lactations as compared with 
6 and 12 day lactations. 
Heterosis estimates for conception rate have been quite 
variable (Johnson et al., 1978). Crossbred females averaged 
1.8 and 3.8 percent higher conception rates than purebreds. 
European research indicates improved fertility from crossbred 
females (Sellier, 1976). Drewry (1980) evaluated the 
productivity of Duroc x York, Hamp x York and Landrace x York 
sows mated to purebred Duroc, Hampshire and Duroc x Hampshire 
boars. Conception rate averaged 95,1 percent through five 
30-day breeding periods. Differences in conception rate 
among the boar and sow cross groups were not significant. 
ST":: 
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Buchanan and Johnson (1984) reported crossbred boars had a 
17,9 percent higher first service conception rate than 
purebred boars. Crossbred female groups did not differ in 
conception rate. 
Litter size 
Several researchers have investigated the relationship 
of prebreeding traits with subsequent measures of 
reproduction. Strang (1970) analyzed data from 38,000 Large 
White litters farrowed in 146 herds to investigate the 
relative importance of factors affecting litter productivity. 
He reported a small increase in the size of gilt litters as 
the age of the gilt at first farrowing increased. Bereskin 
et al. (1968) studied 7075 litters from first parity gilts 
aged 10 to 19 months. Each litter trait at farrowing 
increased curvilinearly as age of dam at first parity 
increased. The predicted peak performance was by gilts aged 
15 to 17 months at farrowing. Brooks et al. (1975) advised 
feeding the gilt at a level of intake which would optimize 
feed conversion. They proposed that reducing the age at 
which gilts reach puberty and are mated would produce small 
reductions in litter size, but would be justifiable in terms 
of feed consumptiono 
Omtvedt et al. (1965) analyzed records of 301 sow and 
390 gilts to study the association of several reproductive 
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traits. They determined an increase in weight at breeding 
resulted in a significant increase in litter size and weight. 
Young et al. (1977) concluded that gilts which grew faster, 
were younger at 100 kg, were heavier at breeding and had more 
days from 100 kg to breeding resulted in higher ovulation 
rates and more embryos. 
Reproductive performance records of 1320 sows were 
analyzed by Chapman et al. (1978) to determine the 
relationship of age at first farrowing and size of first 
litter to subsequent reproductive performance. Sows were 
assigned on the basis of age at first farrowing to one of 
seven groups, beginning with sows of less than 319 days and 
increased by 30-day intervals to sows of greater than 417 
days. Total pigs born alive and weaned in the first and 
subsequent litters were similar for all groups. The number 
of pigs produced per sow per year was not significantly 
influenced by age at first farrowing. 
Brooks and Smith (197 9) reported no effect due to age or 
weight when mating was delayed to the second estrus following 
puberty. Puberty was induced at 160 days of age for one 
group or 200 days of age for a second group by the 
introduction of boars. Mating was delayed until second 
estrus when the mean ages of the two groups was 197.8 days 
and 237.2 days, respectively. There were no significant 
differences in the number or weight of pigs reared. Gilts 
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mated at 237 days consumed 6.2 percent more feed per weaned 
pig. similar results were reported by Hughs and Cole (1975). 
Neither gilt age or weight at puberty significantly affected 
ovulation rate at second estrus or embryo survival during the 
first 20 days of gestation. 
Paterson and Lindsay (1980) studied the reproductive 
performance of gilts that were approximately 218 days of age 
experiencing either their first, second or third oestrus. 
The study concluded that in gilts of similar age and weight 
the oestrus cycle at which mating takes place does not affect 
reproductive performance. Dyck (1971) reported that 
ovulation rates in York gilts remained constant from puberty 
through the fifth estrus. However, in sows ovulation rate 
increased significantly from the first to second post-weaning 
estrus. Young and King (1981) suggested there was a tendency 
toward increased litter size at birth and weaning when 
breeding was delayed to third estrus. although the difference 
was not statistically significant. 
MacPherson et al. (1977) studied the performance of 
gilts first mated at puberty, second or third oestrus while 
on two planes of nutrition. Gilts on the restricted diet 
produced 7.8, 9.8 and 10.4 + 2.2 piglets, while ad libitum 
fed gilts produced 11.0 +2.2 piqlets. By the end of the 
third parity there were no differences in total number of 
piglets born or reared between restricted gilts mated at 
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first, second or third oestrus. The reproductive efficiency 
of sows mated by 15 days after a short lactation (average of 
20 days) was compared to the performance of sows mated 
subsequent to 15 days after weaning by Moody et al. (1969). 
The total number of pigs farrowed alive by early weaned sows 
that had conceived prior to 15 days post weaning was 
significantly less than sows that conceived 15 days after 
early weaning. 
The influence of frequency of mating is important in the 
reproductive performance of the sow. Two hundred Large White 
X Landrace sows were used by Tilton and Cole (1982) to 
evaluate the influence of mating interval and frequency, on 
subsequent reproductive performance. Sows were allocated at 
random to a mating on each of the first 2 days of oestrus, 2 
matings on the first day and 1 on the second, 1 on the first 
day and two on the second or single matings on each of the 
first 3 days of oestrus- They determined all triple mating 
systems increased the number of pigs born alive, with triple 
mating on three consecutive days significantly increasing the 
parameter. The number of pigs weaned was not affected. 
Several research reports indicate that lactation length 
affects subsequent litter size. Allrich et al. (1979) weaned 
Duroc sows at 21 or 30 days to determine the effects of 
lactation length on reproductive performance. Number of 
normal embryos was not affected by lactation length. 
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However, sows lactating 30 days had better embryo survival, 
79.0 vs 70.7 percent. Number of pigs born alive increased 
when sows lactated 30 days as opposed to 21 days. 
Ten trials involving 340 sows were conducted by Hays et 
al. (1978) to determine the effects of lactation on 
reproductive performance. Litters were removed from sows 
following 6-, 12-, 18- or 24-day lactation. Ovulation rate 
and fertility rate were not significantly affected by 
lactation length. Live pigs farrowed per litter increased as 
lactation length increased. 
Varley and Cole (1976a,b) randomly allocated 45 sows to 
one of three lactation lengths; 7 days, 21 days and 42 days. 
All sows were remated at the first post-weaning oestrus and 
were slaughtered at 20 days post-coitum. Ovulation rates 
were similar for all three groups, but the number of viable 
embryos decreased significantly from 13 for the 42-day 
lactation group to 9,2 for the 7-day lactation group. The 
study concluded that the reduction in litter size following a 
short lactation is largely a result of increased embryo death 
the first 20 days of gestation. 
Litter size increased progressively with parity up to 
the fourth parity and then declined gradually (Strang, 1970). 
Kennedy and Conlon (1978) analyzed data from 675 litters and 
determined parity had a significant effect on litter size. 
Bowland (1964) reported an average of 10.1 pigs born alive 
13 
the first and second farrowings and 8.7 and 8.9 pigs weaned 
per litter. 
Several reports have identified large breed of dam 
differences for litter size and weight (Johnson et al., 1973; 
Holtmann et al., 1975; Drewry, 1980; Wilson and Johnson, 
1981; Gaugler et al., 1984; Buchanan and Johnson, 1984). 
Crossbred dams consistently have larger and heavier litters 
than purebred dams (Johnson et al., 1973; Johnson and 
Omtvedt, 1975; Kennedy and Moxley, 1978; Kuhlers et al., 
1981; Gaugler et al., 1984). Three-breed cross litters were 
larger and heavier than backcross litters at birth and 
weaning, but differences in survival were small (Wilson and 
Johnson, 1981; Kuhlers et al., 1982). 
Litter weight 
Bowland (1964) reported a parity effect for both pig and 
litter weight at birth that was associated mainly with 
individual pigs. Weights averaged 1.4 kg at birth and 7.5 kg 
at weaning during the second litter but only 1.2 kg and 7.1 
kg at weaning for the first litter. Elliot et al. (1982) 
reported a mean pig birth weight of 1.13 kq for Yorkshire 
gilts mated at puberty. Severe feed restriction (.45 kg/day) 
reduced average birth weights below 1.0 kg. Toelle and 
Robison (1982) reported a heterosis value for birth weight of 
5.6 percent. 
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Bereskin et al. (1973) and Hovell et al. (1977) showed 
that sow weight at breeding and sow weight gain during 
gestation had a positive association with litter weight at 
birth. The results indicate that with each 10 kg deviation 
from the average sow weight at breeding (139 kg), there was 
an average change in total litter weight at birth of about .3 
kg. 
Omtvedt et al. (1965) reported pig and litter birth 
weights for sows and gilts. Pig birth weights averaged 1.4 
kg and 1.2 kg while litter birth weights averaged 14.2 kg and 
11.8 kg for sows and gilts, respectively. Individual pig 
weights decreased as litter size increased and birth weight 
of the pig showed a highly significant influence on litter 
traits at weaning and 164 days. A similar result was 
obtained when Hemsworth et al. (1976) examined the 
association between growth performance of piglets to three 
weeks of age and other parameters in 28 litters. Growth rate 
was correlated significantly with birth weight and milk 
intake of the piglet. 
Pig mortality 
The mortality rate of piglets was estimated at 20 
percent by (Legault et al., 1975). Preweaninq death losses 
were 22 percent (Fahmy and Bernard, 1972), 6 percent at birth 
and 16 percent from birth to weaning. In a second study 
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( Fahmy et al., 1978), overall mortality was 18 percent, of. 
which 4.2 percent occurred at birth, 13.2 percent between 
birth and 21 days and 1.2 percent from 21 to 42 days. 
Mortality was highest in very small and very large litters 
and among the lightest and heaviest pigs and two percent 
higher in first, as opposed to second parity, litters. Sows 
and gilts each lost approximately 25 percent of their pigs 
prior to weaning (Rodeffer et al., 1975). 
Bereskin et al. (1973) examined over 10,000 litters 
farrowed at experiment stations in eight midwest states. 
Over 7000 litters on test to 154 days, averaged 71.8 percent 
of pigs born alive surviving to weaning at 56 days and 66.3 
percent surviving to 154 days. Survival rate of pigs rose 
significantly with higher birth weight and above normal birth 
weight apparantly had no detrimental effect on pig survival. 
Omtvedt et al. (1966) analyzed 453 litters to determine 
the factors influencing litter weaning weight and to study 
interrelationships between litter size, pig weights, litter 
weights, death loss and weight gain of dam during lactation. 
Since litter birth weight was largely a function of litter 
size, an increase in litter birth weight was associated with 
an increase in preweaning death loss while an increase in pig 
birth weight was associated with an increase in survival 
rate. Increased pig birth weights were associated with 
higher rates of survival and greater pig weights at weaning 
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(Stahly et al., 1979). 
Lamberson and Johnson (1984) estimated the 
heritabilities of direct and maternai effects on litter 
survival to weaning from records of 1243 litters of pigs from 
the Nebraska Gene Pool population. The study concluded that 
with a combined heritability of .03 + .02, selection for 
increased survival was not expected to be successful. 
However, England (1974) concluded that as long as 20 to 30 
percent of the live pigs at birth die before weaning, 
management techniques that improve survival will continue to 
offer a means by which production can be improved and profits 
increased. 
Significant differences in survival rate from birth to 
weaning among several breeds of dam have been discussed 
(Gaugler et al., 1984; Drewry, 1980; Johnson et al., 1973). 
Several significant heterosis estimates have been obtained 
for survival rate. Crossbred pigs had a higher survival rate 
than purebred pigs from birth to weaning (Kuhlers et al., 
1980; Gaugler et al., 1984; Johnson et al., 1973). Survival 
rate did not differ significantly between crossbred pigs from 
either purebred or crossbred dams (Kuhlers et al., 1981). 
Milk production 
Apart from a basic difference in the inherent ability to 
secrete milk, factors responsible for difference in milk 
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yield between sows include number of lactations, size of 
litter, stage of lactation and level of nutrition. Milk 
production in the sow rises to a peak (7.3 kg) at about the 
third week and remains at that level until about the fifth 
week before declining. An average daily yield of 6.3 kg may 
be taken as the average for a 204 kg sow nursing eight pigs 
over an eight-week lactation period (Elsley, 1971). 
Verstegen et al. (1985) reported that sows produced 8.3 kg 
per day from day 7 to day 14 and 10.1 kg per day from day 18 
to day 24. 
Milk production and composition were measured by Klaver 
et al. (1981) for each of 16 sows on three days between days 
2 and 12 after parturition. Sows of at least fourth parity 
were used with eight animals in poor condition and eight 
animals in normal condition. Litter size was standardized at 
eight piglets. Four sows of each condition were given a high 
level of feed (4 kg/day) and four sows a low level of feed 
(2.3 kg/day). From day 2 through day 12 after parturition, 
milk quantity increased and protein content decreased. Sows 
in good condition produced more milk, energy and protein than 
thin sows. Feeding level during early lactation had no 
effect on quantity and composition of milk. 
Verstegen et al. (1985) reported a high level of feeding 
to sows resulted in heavier piglets compared with a low level 
of feeding (significant after 10 days). At 24 days of age. 
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piglets with high-feeding-level mothers weighed 7.5 kg and 
those with the low-level dams weighed 5.7 kg. 
Data from 100 lactations were analyzed by Lewis et al. 
(1978) to investigate the relationship between sow milk yield 
and composition and pig weight gain. The mean efficiency of 
conversion of milk to gain was found to be 4.5 g of milk per 
1 g of pig gain. 
Weigh-suckle-weigh procedures were used by York and 
Robison (1985) to estimate milk production of 259 primiparous 
Duroc sows. Litter size at 21 days accounted for 10 to 28 
percent of the variation in milk production. Milk production 
accounted for 20 to 41 percent of the variation in 21-day 
litter weights and also accounted for 8 to 19 percent of the 
variation in survival. The study concluded that the number 
of pigs at 21 days was the most important factor in 21-day 
litter weight. After a minimal amount of milk was present, 
milk yield had a relatively small influence on 21-day litter 
weight and survival. 
Weaning to estrus 
Ideally, each sow should produce a litter every 152 days 
or 2.5 litters per year. However, postweaning anestrus in 
sows is very common and costly to the producer (Fahmy et al,, 
1979). Several factors have been shown to influence the 
number of females exhibiting the anestrous condition (Reese 
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et al., 1982; Maurer et al., 1985). 
A markedly high weaning-conception interval was observed 
(Aumaitre et al., 1976) in all genetic groups after the first 
litter, but decreased slightly from litter to litter after 
the second farrowing, Maurer et al. (1985) studied 305 Large 
White, Landrace, York and Chester White gilts during a 3 year 
study to identify the effect of breed and parity on the 
interval from weaning to estrus. Postweaning estrus interval 
averaged over all breeds was 9.4 + .4, 6.0 + .4 and 5.8 .4 
for parity 1, 2 and 3, respectively. 
In the same study, the number of pigs weaned had a 
quadratic effect on the interval between estrus and weaninq. 
Weight loss during lactation had a linear relationship with 
rebreeding interval. Weight loss during lactation averaged 
over parities was 13.4 + .9, 17.0 + .9, 12.7 + 1.1 and 9.7 + 
1.5 kg for Large White, Landrace, Yorkshire and Chester White 
sows, respectively. For each kg weight lost, interval from 
weaning to estrus increased by .05 days. Similar results 
were reported by Fahmy et al. (1979). 
Following weaning of their first litter at 42 days post 
partum, 36 Landrace x (Landrace x Large White) sows were 
fasted 24 hours and allocated to one of three feed levels: 
1) 1.8 kg, 2) 2.7 kg, 3) 3.6 kg feed per day until the day 
after mating by Brooks et al. (1972). The incidence of 
infertility and anoestrus was greatest for sows fed 1.8 
20 
kg/day and least for the sows fed 3.6 kg/day. Sows fed 1.8 
kg took longer (21.6 + 3.0 days) versus sows fed 3.6 kg.day 
(9.2 +2.2 days). Similar results were obtained by Reese et 
al. (1982). In the study, they fed sows 8 Meal ME/day or 16 
Meal ME/day during a 28-day lactation period. Sows fed 8 
Meal ME/day lost more weight and backfat, weaned lighter 
weight pigs and fewer sows exhibited estrus by 7, 14, 21 and 
70 days postweaning than sows fed 16 Meal ME/day. 
In a seeond experiment. Brooks and Smith (1979) 
concluded that reproductive performance was not affected by 
post-weaning feed level. Tribble and Orr (1982) reported the 
interval was not affected by level of feeding either in 
lactation or in the remating period (Varley and Cole, 
1976a,b). 
Remating sows after a short lactation appeared to affect 
the number of days between weaning and subsequent estrus 
(Svajgr et al;, 1974)= Varley and Cole (1976a,b) found the 
interval from weaning to estrus for early-weaned sows (10-day 
lactation) was 8.2 days versus 4.5 days after a 42-day 
lactation. Self and Grummer (1958) reported the mean number 
of days required to exhibit first post-weaning estrus after 
weaning at 10, 21 and 56 days differed significantly (P<.05). 
They reported means of 9.4 days (5 to 30), 6.3 days (3 to 15) 
and 4.0 days (2 to 10) were required for 10 day, 21 day and 
56 day weaned groups. Days to first postweaning estrus 
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decreased quadratically as lactation length increased (Hays 
et al., 1978). Duroc sows were used by Allrich et al. (1979) 
to determine the effects of lactation length (21 versus 30 
days) on reproductive performance of weaned sows. Sows 
lactating 30 days returned to estrus in a shorter interval 
than did sows lactating 21 days (5.0 vs. 8.2 days). 
The weaning-to-estrus interval was not influenced by 
initial breeding on first or third estrus. Maintaining gilts 
until third observed estrus required feed and accommodation 
for approximately 44 additional days before breeding and 
resulted in 1.4 additional pigs per sow over three parities. 
The weaning-conception interval in French herds varied 
according to season (Aumaitre et al., 1976). The average 
length was 15-20 days, but increased to 26-30 days during the 
summer months. Days from weaning to estrus averaged 16.7 + 
1.5 and 8.7 1.6 in summer and winter, respectively (Cox et 
al., 1983). Fahmy et ale (1979) reported season of farrowing 
had significant effect (P < .05), with the shortest interval 
during the autumn (11.4 days) and the longest in spring and 
summer (15.1 days). 
Gestation length 
Gestation length ranged from 113.8 to 114-9 days when 
sows were fed two levels of energy and protein in five ration 
groups (Bowland, 1964). Cox (1984) studied 1450 records of 
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Duroc and Hampshire sows. He determined the distribution of 
gestation period was leptokurtic with a mean of 113.5 days. 
The gestation period in the Durocs was 0.5 day longer than in 
the Hampshires. Gestation length averaged 115.2 days (Fahmy 
and Bernard, 1972). Omtvedt et al. (1965) reported gestation 
length to average 114.1 days. No difference was detected for 
gestation length of gilts versus sows. 
Growth and Carcass Composition 
Just (1984) reported that body composition of pigs 
depended on genetic background, live weight, sex and was 
influenced by nutrition. Kielanowski (1976) quoted 
regression equations that enabled total body composition to 
be evaluated. The study demonstrated, by mathematical model, 
that the efficiency of feed conversion, as well as the ratio 
of fat to protein deposited in the growing body, depends 
mainly on the level of feeding applied and the ability of the 
animal to deposit protein in their tissues. 
Postweaning rate of growth appears to be linear 
(Robison, 1976; Quijandria and Robison, 1969). Fat and 
protein deposition in the carcass approach a linear 
association with increased weight or age. Daily body protein 
formation increases up to 40 to 60 kg live weight, plateaus 
from 60 to 120 kg and decreases towards zero. Daily body fat 
formation increases nearly linearly with increasing body 
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weight and feeding intensity. Carr et al. (1978) slaughtered 
30 York and 70 Hamp barrows at five weights: 1) 45.4 kg, 2) 
68.2 kg, 3) 90.9 kg, 4) 113.6 kg, and 5) 136.4 kg. The stage 
of greatest increase in lean composition occurred from 90.9 
to 113.6 kg. The relationship between average backfat 
thickness and weight appeared to be linear in Hampshire data, 
while a non-linear relationship was found in the Yorkshire 
data. 
Formation of subcutaneous fat exceeded that of muscle 
between 90 and 100 kg (Just, 1984). Richmond and Berg (1971) 
reported fat deposition to parallel muscle growth from 68 to 
91 kg liveweight, after which fat deposition exceeded muscle 
growth. As liveweight increased from 23 kg to 114 kg, fat 
increased from 25.9 to 42.1 percent. Similar results were 
obtained by Neely et al. (1979). 
Several reports suggested considerable differences to 
exist in growth rate and composition of barrows and gilts. 
Barrows gained faster and had more backfat than gilts 
(Seerley et al., 1978; Christian et al., 1980). Siers (1975) 
determined that Yorkshire barrows grew faster "than gilts. 
The feed efficiency of barrows and gilts did not differ, but 
barrows were significantly fatter. Bereskin and Davey (1978) 
acknowledged gilt carcasses to be leaner than barrow 
carcasses but barrows deposited lean tissue faster. 
Tjong-A-Hung et al. (1972) found that barrows gained faster 
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than gilts with nearly the same feed efficiency, but 
carcasses from gilts were superior to barrows. Gilts 
contained less fat than barrows when compared at similar 
slaughter weights (Richmond and Berg, 1971). Bereskin et al. 
(1976) studied Duroc and York barrows and gilts of lines 
previously selected for thicker or thinner backfat. Barrows 
gained seven percent faster and consumed six percent more 
feed than gilts. Data involving barrows, boars and gilts fed 
two nutritional diets were presented by Cunningham et al. 
(1973). When barrows and gilts were compared, barrows grew 
faster, while no significant differences were found in 
backfat. 
Several researchers have reported significant breed 
effects and favorable heterosis for average daily gain, 
backfat and feed efficiency (Johnson et al., 1973? Young et 
al., 1976; Neville et al., 1976; Fahmy et al., 1976; Kennedy 
et al:; 1978). Three-breed cross litters gained faster and 
were younger at 100 kg than backcross pigs. Significant 
differences in postweaning performance exist between breeds. 
In general, pigs with Duroc breeding had the fastest growth 
rate and those with Hampshire breeding were the leanest 
(Nelson and Robison, 1976; Wilson et al., 1981; Kuhlers et 
al., 1982). 
Voluntary feed intake was primarily dependent on energy 
concentration (Henry, 1985). Intake was adjusted in such a 
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way that the pig tended to maintain its energy requirement, 
although the level of energy intake slightly declined as 
energy concentration decreased. This may have been explained 
by a progressive limitation of gastro-intestinal capacity. 
Feed intake is closely related to the potential for muscular 
growth and the capacity for fat deposition. Differences in 
feed intake might be the main causal factor for the existance 
of differences between biological types of pigs. Cleveland 
et al. (1983) proposed that the variation in metabolizable 
energy intake among animals can be explained by variations in 
lean mass maintained and the quantity of protein and fat 
deposited. 
Cop and Suiting (1977) suggested that the main factor 
which limits fat deposition was the energy intake of the pig 
and concluded that growth of the lean body was independent of 
the fat content, the latter being merely a function of the 
energy surplus given to the animal. Wenk et al. (1980) 
pointed out that leaner animals have higher maintenance needs 
due to the high energy turnover in lean tissues relative to 
fatty tissues, and to the high activity of the lean animal. 
Kielanowski (1972) found that the decrease in feed 
efficiency and subsequent reduction in fat deposition in 
Danish progeny testing were accounted for primarily by an 
increase in daily protein deposition. The higher the 
intensity of lean tissue growth, the lower the level of 
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adjustment of energy intake above maintenance. The steady 
genetic improvement for lean production allowed more liberal 
feeding of high energy diets to appetite without adverse 
effects on carcass quality. 
Assessment of Energy Requirements 
In reviewing the energy requirements of the pig. Close 
and Fowler (1985) identified two distinct approaches for 
estimating energy requirements: 1) the factorial method and 
2) the empirical method. In the factorial method, estimates 
were made for each of the major processes contributing to 
energy requirements. These processes included the energy 
required for maintenance, protein and fat deposition. An 
additional allowance was made for the pregnant sow for energy 
required for growth and development within the uterus. The 
energy required for milk production was considered in the 
lactating sow. The empirical approach to determine energy 
requirements related responses to variations in dietary 
energy or feed intake to changes in performance of the animal 
and its carcass characteristics. 
Kielanowski (1966) first described the use of the 
factorial method to assess energy requirements. He proposed 
that metabolizable energy (ME) intake could be partitioned 
into three components as follows: ME = MEm + (1/Kp) P + 
(1/Kf) F. MEm represented the energy required for 
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maintenance, P represented the energy retained as protein, F 
represented the energy retained as fat while KP and Kf were 
efficiencies of protein and fat deposition. 
Energy for maintenance 
Theoretically, maintenance equals the sum of the energy 
requirements for maintaining body function, body temperature 
and necessary activity in the absence of any net gain or loss 
in tissue. The energy required for maintenance was most 
commonly calculated as the intake of metabolizable energy 
(ME) which results in zero energy retention (ARC). The 
concept of maintenance was hypothetical, because it relates 
to an animal in energy equilibrium neither losing or gaining 
weight. Results of Close et al. (1978) indicated that at a 
maintenance energy intake, an animal may deposit 25 percent 
of its potential protein deposition. Since considerable 
catabolic and anabolic processes are occurring, the concept 
in physiological terms did not represent an animal in steady 
state. 
Energy requirements for maintenance were determined 
from a number of types of experiments. These included 
measurements: 1) from fasting metabolism; 2) from linear 
regression equations relating energy retention to ME intake 
and calculating MEm where F = 0; and 3) from the relationship 
between ME intake and the rates of protein (P) and fat (F) 
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deposition and determining MEm as the intercept of the 
multiple regression analysis (Close and Fowler, 1985). 
Many estimates of MEm have been made in the literature. 
De Wilde (1980) published an estimate of 120 kcal/day/kg 
Wt^O.75 for gilts kept in conventional conditions versus the 
more conventional value of 95.6 kcal/day/kg W^O.75 obtained 
in respiration trials. Davies and Lucas (1972) determined 
metabolizable energy intakes of 248 WO.56 for growing pigs. 
Just et al. (1983) studied the maintenance requirement of 36 
growing pigs from 20 kg to 90 kg. The results showed 
maintenance values varying from 78 to 90 kcal/day/kg 0.75, 
but the best fit was obtained with 84 kcal/day/kg w^O.75. 
Daily metabolizable energy requirement for maintenance was 
estimated to be 115 kcal (kg".750) by McNutt and Ewan (1984). 
The ARC preferred an MEm estimate of 109 kcal ME for growing 
pigs using 0.75 as the exponent. 
Energy for growth 
Estimates of Kp and Kf in the literature were quite 
variable. McNutt and Ewan (1984) suggested that above 
maintenance, diet ME was utilized for carcass energy gain 
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with an efficiency of 50 percent. The amount of MP required 
to deposit 1 g of protein and 1 g of body fat was similar 
(Kielanowski, 1972) and was between 11.5 and 12.0 kcal ME/g. 
Houseman and McDonald (1973) estimated metabolizable energy 
costs of lipid and protein deposition were 15.3 kcal/g and 
10.3 kcal/g, resulting in efficiencies of 63 and 48 percent. 
The preferred ARC values for Kp and Kf were those determined 
from multiple regression procedures. The best estimate for 
Kf was .74 which corresponded to an energy cost of 12.8 
kcal/g for fat deposition. A Kp value for protein deposition 
of .56 represented an energy cost of 10.2 kcal/g. 
Energy for pregnancy 
The energy requirement for maternal tissue deposition 
depended upon the extent to which the rates of protein and 
fat deposition change with duration of pregnancy (Close and 
Fowler, 1985). Protein deposition in sows that gain up to 40 
kg during gestation has been shown to increase from 80 to 100 
g/day, while protein deposition in sows that gained 20 kg 
during gestation increased from 50 to 70 g/day. 
The rate at which tissue is deposited in the uterus has 
been determined by Pomeroy (1960). Hovell et al. (1977) 
reported that a gain in maternal weight of 1 kg or the 
production of 1 kg of pig required 7.53 or 4.90 Meal ME 
respectively. This represented an efficiency for fetal 
development of only 20.4 percent. Similar results were 
reported by De Lange et al. (1980). This study estimated the 
utilization of metabolizable energy for conceptus weight gain 
to have an efficiency of 21 percent. 
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The literature contains numerous reports suggesting 
optimum energy and feeding levels. Verstegen et al. (1971) 
stated that 2.5 to 2.75 kg of feed seemed adequate to meet 
the energy requirement of a pregnant 180-200 kg sow until 2 
to 3 weeks before parturition, while 3 kg was sufficient 
during the last 2 weeks. De Lange et al. (1980) reported 
that 2.3 kg of feed was apparently enough to meet energy 
requirements of sows weighing 165 to 200 kg during the last 
week prior to parturition. 
Tribble et al. (1982) fed sows 3.6 versus 1.8 kg per day 
after litters were weaned at an average of 31 days of age. A 
trend for fewer sows to be bred was obtained by feeding the 
3.6 kg, as compared to 1.8 kg daily. The study pointed out 
that first litter sows tended to consume more feed from 
weaning to breeding than second and third litter sows when 
offered 3.6 kg daily. This may have indicated a higher 
energy need for younger sows. 
Energy for lactation 
The factorial estimates of energy requirements during 
lactation depend on a number of factors including body 
reserves, appetite, size of the litter and length of 
lactation (ARC). Verstegen et al. (1985) studied 12 
crossbred sows to estimate energetic efficiency of milk 
production from feed. They estimated energy for milk from 
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feed was produced with an efficiency of 67 to 69 percent with 
a daily maintenance requirement of 112 to 125 kcal of 
metabolizable energy per kg of metabolic body weigt. De 
Lange et al. (1980) reported the efficiency of utilization of 
metabolizable energy for milk production to be 55 to 70 
percent. Milk was produced from body tissues with an 
efficiency of 80 percent. The study concluded that sows have 
easy access to body tissues for their milk production. 
The requirement for energy may not always be satisfied. 
The management system may limit the maximum amount of energy 
supplied to sows or the inability to consume such quantities 
of feed may inhibit the sow from receiving the requirement. 
The result of either situation would be reduced milk yield 
and excessive loss of body weight. Reduced milk yield was 
likely to depress pig growth rate, while excessive weight 
loss would adversely affect post-weaning reproductive 
performances performance of gilts during lactation in terms 
of body weight changes was opposite from the trend observed 
in gestation: gilts that gained more weight during gestation 
lost the most weight during lactation. Libal and Wahlstrom 
(1975) conducted five trials to investigate the effect of 
lactation energy intake on sow and pig performance. Sows fed 
ad libitum consumed significantly more feed during the 21-day 
lactation period than sows fed a level of 0.45 kg per nursing 
pig. Sow weight change was also different. Ad libitum fed 
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sows maintained weight while sows fed a limited diet lost 
12.9 kg during the lactation period. Average pig and litter 
weight were not significantly affected by lactation energy 
level. Rowlinson and Bryant (1982) determined that 
restricted sows lost significantly more live weight than ad 
libitum fed sows between days 20 and 42 of lactation. 
Stahly et al. (1979) compared the effect of feeding a 
restricted level of feed during the first week of lactation 
versus feeding ad libitum on sow performance during a 21-day 
lactation. Number of pigs weaned per litter and average pig 
weights were not affected by treatment. Ad libitum-fed sows 
consumed more feed during the first five days postpartum 
(33.6 vs 13.9 kg) and over the entire 21-day lactation period 
(122.7 vs 110.1 kg). The ad libitum-fed sows lost 1.3 kg, 
0.6 kg and 0.4 kg of body weight compared with 3.6 kg, 0.2 kg 
and 0.2 kg for restricted-fed sows during weeks 1, 2 and 3, 
respectively, 
O'Grady et al. (1973) used gilts to examine the effects 
of dietary energy intake during lactation on yield and 
composition of milk and the growth of litters. Gestation 
feed intake was standardized at 2 kg per day supplying 6.28 
Meal digestible energy. The energy levels fed during 
lactation ranged from 12.2 to 18.25 Meal digestible energy 
per day for gilts, 12.9 to 19.6 Meal digestible energy per 
day for second parity and from 13.2 to 20.25 Meal digestible 
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energy per day for third parity sows. In the first 
lactation, milk yield and composition and growth of litters 
were not influenced by energy intake. In the second 
lactation, milk yield was depressed by lower energy intakes 
and was reflected in litter weights at 21 days. In the third 
lactation, lower energy intakes seriously depressed milk 
yield. On the lowest level of energy, milk yield was 32 
percent lower at day 24 and the corresponding depression in 
litter weights was 17.2 percent at 21 days. 
Production Simulation 
The use of computer simulation is not new to the study 
of problems related to livestock production. Models have 
been developed as an exercise to better understand biological 
systems and as a means of targeting areas in need of further 
research. Some models have been constructed to predict 
animal performance in response to variables such as nutrition 
or environmental temperature while several models have been 
used to evaluate system responses to changes in performance 
or economics (Tess, 1983a). Production system simulations 
have emphasized that relative economic importance of improved 
reproductive rate, growth and body composition differs 
greatly between production-marketing environments and breed 
roles (Dickerson and Willham, 1983). 
Many of the models discussed in the literature describe 
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ruminant systems. Sanders and Cartwright (1979a,b) described 
a deterministic model for simulating beef cattle production 
under a wide range of management schemes and environments 
with cattle differing widely in genotypes for growth and milk 
potential. Genotypes were specified in the model as 
potentials. These potentials were fully met only if the 
plane of nutrition proved adequate, Kahn and Spedding (1983) 
modified the beef model published by Sanders and Cartwright 
(1979). Reproduction and mortality were triggered 
stochastically to preserve the integer quality of the herd. 
In all other respects, the model was deterministic, A 
dynamic model to evaluate the effect of mating plan on herd 
age structure and productivity was developed by Congleton and 
Goodwill (1980), Mating plans utilizing different breeds 
could be simulated in combination with various management 
options. 
One of the earlier biological models of swine 
performance was reported by Whittemore et al. (1974), They 
described a model which enabled the prediction of the 
magnitude and direction of responses of the growing pig to 
different energy and protein intakes. The model calculated 
daily weight gain from the conversion of dietary crude 
protein and energy into protein, lipid and ash in the growing 
pig. 
Regression equations were presented by Alsmeyer et al. 
(1975) for evaluating the effects of market conditions and 
production efficiency on annual net income from 100-sow 
production units. The model could be used to evaluate 
changes in net income associated with varying one of the 11 
possible input variables. Te Brake (1978) used a series of 
linear equations derived from experiments and surveys carried 
out in several countries to assess the most profitable length 
of lactation for producing piglets of 20 kg body weight. For 
the various lactation periods considered, several equations 
were used to estimate the number of 20 kg piglets produced 
and the volume and cost of sow and piglet feed consumed per 
piglet raised to 20 kg. 
Tess et al. (1983à,b,c) constructed a deterministic 
computer model to simulate biological and economic inputs and 
outputs for life cycle pork production. The objective was to 
simulate the relative values of genetic changes in several 
performance components for several definitions of life cycle 
biological and economic production efficiency in swine, and 
to predict effects of alternative management systems and feed 
prices on the relative importance of several genetic traits 
for unspecialized swine populations. 
The relative genetic responses to selection for 
alternative measures of economic efficiency of pork 
production were examined by Smith et al. (1983). The 
36 
analysis was based on results from a deterministic 
bioeconomic model of life cycle swine production. The 
researchers suggested that changes in growth and reproductive 
traits as well as the breeding role of the stock were 
important in defining selection objectives. 
It is virtually impossible to experimentally compare all 
possible crossing schemes with all breeds presently 
available. Computer simulation allows comparison of systems, 
but to be useful, accurate estimates of differences in 
genetic parameters among specific crosses are necessary 
(Johnson, 1981). Bennett et al. (1983b) used a bio-economic 
model of swine production to simulate expected performance 
effects of breeds in alternative breeding systems on total 
costs/100 kg of live weight. Effects of heterosis and of six 
U.S. breeds were simulated for integrated industry purebred 
(P), two-breed specific (2S), backcross (2B) and rotation 
cross (2R), and three-breed specific (3S) and rotation cross 
(3R) breeding systems. Individual plus maternal heterosis 
effects on swine production were simulated (Bennett et al., 
1983a). Effects of heterosis on costs were evaluated by 
simulating two- and three-breed crosses and purebred 
production. 
Allen and Stewart (1983) described a computer model for a 
confinement feeder pig production unit. This program 
simulates the performance, feed, labor, space and replacement 
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requirements of a feeder pig unit. A computer model was 
presented (Singh et al., 1980) to estimate the quantitative 
impact of future research/extension activities in various 
aspects of swine production in Hawaii. 
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PROCEDURES 
The primary sources for the parameters and relationships 
used within the model were experimental results obtained from 
scientific literature. When certain parameters were not 
directly obtainable from the literature, assumptions were 
made compatible with known results. 
The procedures and relationships discussed in this 
section describe a set of deterministic bioeconomic models 
developed for comparing the efficiency of swine management 
and mating systems. The approach used in constructing the 
models reported here was to account for the biological and 
economic inputs required to sustain a predetermined level of 
performance. Under this approach, inputs of feed, facilities 
and dollars were treated as dependent variables determined by 
animal performance and the system being simulated. 
Five pork production systems (Figure 1) were simulated. 
The systems were analyzed for efficiency in producing 200 
litters per year. Each production system consisted of one or 
more farrowing rooms, a nursery unit, a grower-finisher unit, 
breeding and gestation. All-in all-out farrowing was assumed 
in each of the production systems. 
System A has been designated as the "base." This 
production unit consisted of one central farrowing house. 
Sows were weaned following a 35-day lactation. After 
System 
A B C D E 
Potential litters per year 200 200 200 200 200 
Average age of pigs at weaning (days) 35 35 28 21 18 
Estrus at mating 2nd 1st 1st 1st 1st 
Number of rooms for farrowing 1 1 5 4 4 
Sow groups in breeding unit at one time 1 1 4 4 4" 
Groups of pigs in nursery at one time 1 1 4 5 6 
Groups of pigs in grower at one time 1 1 8 8 8 
Groups of pigs in finishing at one time 1 1 9 8 9 
Groups of sows required 3 3 20 19 20 
Crates available per group 32.25 28.40 4.08 4.11 3.84 
Total number of crates 32.25 28.40 20.40 16.44 15.36 
Days between the start of farrowings 58.83 51.83 7.45 7.50 7.00 
Number of farrowings per year 6.20 7.04 49.00 48.67 52.14 
Fig. 1. Pork production systems 
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weaning, sows were allowed to cycle and were not mated until 
the following estrus. Within this system, sows would be 
expected to repeat a cycle every 176 days. This unit would 
maintain three groups of sows farrowing every 58.8 days or 
6.2 times annually. 
System B was slightly more intensive than A. Like 
system A, sows were farrowed in one central farrowing house 
and were weaned following a 35-day lactation. However, sows 
were mated during their first postweaning estrus. This 
allowed sows to complete a reproductive cycle every 155 days. 
Three sow groups were maintained, but farrowing occurred 
every 51.8 days or 7.0 times annually. 
Sows were farrowed in multiple farrowing rooms in system 
C and weaned following a 28-day lactation. Mating resumed 
during first post-weaning estrus. Sows repeated a 
reproductive cycle every 149 days. This unit maintained 20 
groups of sows farrowing every 7.5 days or 4 9.0 times 
annually. Five farrowing rooms were utilized in this 
production system which resulted in four groups of sows per 
farrowing room. Producers have the capacity to run four 
groups of sows with a single farrowing house, but it is not 
practical. To maintain an all-in all-out environment, the 
mating period would be less than seven days per month, hardly 
enough to incorporate replacement gilts into the herd. 
System D maintains four farrowing rooms. Sows were 
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weaned following a 21-day lactation period and mated during 
first postweaning estrus which allowed them to repeat their 
reproductive cycle every 143 days. This system maintained 19 
groups of sows farrowing every 7.5 days or 48.7 times 
annually. 
The final system of production, E was the most 
intensive. Sows were weaned following an 18-day lactation 
and mated immediately at first post-weaning estrus. This 
production system maintained four farrowing rooms and 20 
groups of sows. A reproductive cycle would be completed 
every 141 days. Farrowing would occur every seventh day 
resulting in 52 farrowings per year. 
Management Options 
Several management effects other than the five basic 
production systems were simulated (Figure 1). The relative 
effect of feed price on system efficiency was examined within 
each of the production systems discussed. The effect of 
parity was examined in system B, system C, and system D. 
Each system was simulated with parities ranging from one 
through a maximum of five. Under base parameters, fifth 
parity was assumed to be the final one. 
The effect of mating at first estrus was analyzed by 
simulating system B with gilts mated at either puberty, 
second or third estrus. Under base parameters, gilts were 
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mated during their third estrus. 
Lactation length was analyzed by direct comparison of 
systems B, C, D, and E. Direct comparison of system A with 
system B allowed comparison of mating sows at first versus 
second post-weaning estrus. 
The simulations were carried out through the use of 
three interactive models: (1) growth and energy, (2) 
replacement rate, and (3) economic. The first two models 
generated output which was passed into the economic model and 
summarized for each pork production system simulated. 
Growth and Energy Model 
Several subroutines were required to simulate growth and 
calculate energy requirements for sows and pigs that proceed 
through the production system. The GROWTH subroutine 
simulates pig performance and energy requirements from 
weaning into the nursery unit, through the grower and 
finisher up to market weight. The BREED subroutine simulates 
growth and energy requirements for replacement females from 
100 kg to mating and for sows from weaning until subsequent 
mating. The GESTATION subroutine simulates growth and energy 
requirements for sows and gilts from conception to farrowing. 
The LACTATION subroutine simulates sow energy requirements 
and litter performance from farrowing until weaning. A 
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simplified flow chart of the subroutines utilized within the 
model are described in Figure 2. 
Growth 
Growth was simulated using the sum of its individual 
components. On any given day, growth was the sum of the net 
fat deposited, net protein deposited plus the water and ash 
retained in association with protein. Two sets of growth 
curves were used to predict protein and fat growth. The 
first set predicted protein and fat growth from birth to 56 
days while the second predicted growth from 57 days to market 
weight. The following curves predicted protein and fat 
growth from birth to 56 days of age (Tess et al., 1983a): 
Protein = .1595 + .019 days + .00032 days^2 
Fat = .0145 + .0225 days + .00045 days*2 
Growth curves predicting protein and fat growth from 57 
days to market weight (Robison, 1976; Tess et al., 1983a; 
Just, 1984): 
Protein = -2.25 + .0763 days + .0000623 days^2 
Fat = -4.57 + .0884 days + .000715 days^2 
Since the time unit used in the model was one day, the 
first derivative for each of these equations was used as the 
actual predictor. 
From birth to 56 days; 
protein deposition = .019 + .00064 days 
44 
BREED 
death 
* 
GESTATION 
V 
marke t 
A *  
LACTATION 
GROWTH 
_r\_ 
Fig. 2. Subroutine flow chart 
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fat deposition = .0225 + .00090 days 
From 57 days to market weight: 
protein deposition = .0763 +.00125 days 
fat deposition = .0884 + .00143 days 
Bone growth is closely associated with protein growth 
and is included in the calculation for protein (Kielanowski, 
1966; Richmond and Berg, 1971; Tess et al., 1983a). Fat-free 
or lean body mass (LBM) is the sum of protein, bone and water 
in the body. LBM is predicted from the body protein content 
( P) using the relationship (Kielanowski, 1976): 
LBM = 6.012 P-.892 
Empty body weight was calculated as the sura of LBM and 
fat. EWT refers to the weight of the entire animal less the 
weight of the digestive tract contents. Liveweight is 
estimated by dividing the EWT by 0.95 (Just, 1984). 
Metabolizable energy requirements were calculated using 
the factorial method represented by the following linear 
model (ARC): 
MEi = MEm + (1/Kp) P + (1/Kf) F 
where 
MEi = ME intake 
MEm = ME required for maintenance 
P = net deposition of protein 
F = Net deposition of fat 
1/Kp = efficiency of protein deposition 
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1/Kf = efficiency of fat deposition 
The maintenance requirement utilized in the program was 
.110 kcal ME/kg*.75 (ARC). Protein and fat deposition were 
determined by the equations previously explained in the text. 
The efficiency of protein deposition was calculated to be 
47,4 percent. This assumes that a kg of protein contains 5.7 
kcal ME/g and 12.0 kcal ME/g are required to synthesize the 
tissue. Fat tissue contains 9.5 kcal ME/g but requires 13.0 
kcal ME/g to synthesize for an efficiency of 73.0 percent 
(ARC). 
The growth subroutine simulated pig growth and energy 
requirements from weaning to market weight or until gilts 
were selected as replacements both of which were modeled to 
occur at 100 kg. Growth was divided into three periods 
(starter, grower, and finisher) that correspond to ration 
(Figure 3) and facility changes. The starter ration was fed 
to pigs up to 18 kg, the grower ration from 18 kg to 54 kg 
and the finishing ration from 54 kg to 100 kg. 
During the growing period all pigs were assumed to be 
fed ad libitum. Energy intake was strictly a dependent 
variable controlled solely by the pig's body composition and 
genetic potential to deposit protein and fat. Weaned pigs 
were considered to be equally divided between gilts and 
barrows. The growth equations discussed represent gilts. 
After 56 days, protein growth and fat growth were increased 2 
Corn Supplement Cr. Prot. Meal Weight Cost 
Ration (%) (%) (%) ME/kg kg $/kq 
Starter 63.75 36.25 19.9 3.16 to 18 .162 
Grower 77.50 22.50 15.4 3.20 18 - 54 .138 
Finisher 82.00 18.00 14.0 3.21 54 - 100 .130 
Gestation 87.50 12.50 11.6 3.18 .120 
Lactation 83.00 17.00 13.4 3.20 .128 
corn: $2»50/bu = $.098/kg 
supplemenient: $250/ton = $.266/kg 
Fig. 3. Ration compositions and costs 
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percent and 10 percent, respectively, for barrows relative to 
gilts (Bereskin et al., 1968; Seerley et al., 1978; Christian 
et al., 1980). 
Breed 
Replacement gilts entered the breeding herd at 100 kg 
liveweight and were placed on a limited diet of 1.8 kg/day. 
Sows were placed on the same limited diet prior to mating. 
Energy requirements and ME intakes were calculated as 
previously described. After maintenance requirements have 
been met, energy was partitioned for fat and protein 
deposition at a 5.1:2.9 ratio (Tess et al., 1983a; Hovell et 
al., 1977). This ratio was maintained up to 80 percent of 
maximum protein growth which was assumed to occur at 17 9 days 
of age. If ME intake exceeded both maintenance and 80 
percent of maximum protein growth, energy was partitioned 
exclusively to fat tissue synthesis. 
Breeding age was determined by two factors: 1) age at 
puberty, and 2) estrus during which gilts were mated. Age at 
puberty accounted for the average age which gilts achieve 
first estrus. Gilts were assumed to achieve first estrus at 
184 days of age (Hughs and Cole, 1975; Young and King, 1981) 
or five days after entering the -breeding unit. Mating 
during second estrus occurs at day 26. If mating was delayed 
until the third estrus, mating was assumed to occur day 47. 
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The number of days in which sows were in the breeding 
unit prior to mating was determined by the weaning to estrus 
interval. The weaning to estrus interval was dependent on 
two factors: 1) parity and 2) lactation length (Figure 4). 
Sows required an additional two days to return to estrus 
following their gilt litter as compared to additional 
parities (Aumaitre et al., 1976; Maurer et al., 1985). No 
additional parity adjustments were simulated. Days from 
weaning to first estrus was modeled at five days for a 35-day 
lactation and increased to eight days for an 18-day lactation 
(Self and Grummer, 1958; Varley and Cole, 1976a,b; Hays et 
al., 1978; Allrich et al., 1979). 
Conception rate was assumed to be constant at 87 percent 
for all matings after the first parity (MacPherson et al., 
1977; Johnson et al., 1978). Conception rates were modeled 
lower for gilts (Figure 5). Conception rates for gilts mated 
during first estrus were assumed to be 80 percent. 
Conception rates increased to 83 percent for second estrus 
and up to 85 percent for gilts mated third estrus (Young and 
King, 1981). 
Gestation 
Gestation feeding levels (Figure 6) were 1.8 kg for 
gilts and second parity sows and was increased to 2.0 kg for 
all other parities. Feeding levels were increased 0.2 kg per 
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Lactation length 
Parity 18 21 28 35 
1 10 9 8 7 
2 8 7 6 5 
3 8 7 6 5 
4 8 7 6 5 
Fig. 4. Days post-weaning to estrus 
Estrus at mating 1st 2nd 3rd 1st post-weaning 
Parity 1 1 1 2 3 4 5 
Number of pigs born 8 .80 9 .20 9 .40 10 .00 10 .30 10.40 10 .40 
Number of pigs born alive 8 .36 8 .74 8 .93 9 .50 9 .79 9.88 9 .88 
Number of pigs weaned 7 .11 7 .43 7 .59 8 .08 8 .32 8.40 8 .40 
Conception rate 80 83 85 87 87 87 87 
Fig. 5. Litter size and conception rate 
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Parity 
Breeding 
(kg) 
Gestation 
(kg) 
Lactation 
(Meal) 
Gilt 1.8 1.8 - 2.0 16.0 
2nd 1.8 1.8 - 2.0 17.5 
3rd 1.8 2.0 - 2.2 17.5 
4 th 1.8 2.0 - 2.2 17 .5 
5th 1.8 2.0 - 2.2 17.5 
Fig. 6. Feeding programs 
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day two weeks prior to lactation. Prediction of energy 
requirements for pregnant sows was similar to that for 
breeding sows except that energy requirements associated with 
conceptus were accounted for as well as possible negative 
energy balances. 
During early gestation, available energy was deposited 
into maternal tissues with a 5.1:2.9 fat to protein ratio as 
described in the previous subroutine. During the final month 
of gestation, feeding levels frequently do not meet energy 
requirements and maternal fat stores must be mobilized to 
meet these demands. Energy from body stores was assumed to 
be used 10 percent more efficiently than MEi for meeting 
fetal growth (De Lange et al., 1980). 
MEi can be represented by the linear model: 
MEi = MEm + (1/Kp) P + (1/Kf) F + MEfw 
where MEfw is the energy required for fetal development in 
the uterus. On any given day during gestation MEfw was 
predicted by an equation developed by Tess et al. (1983a) 
from research by Pomeroy (1960): 
MEfw = 3.6 *.3 * .2447 * (.2447 * days - 4.06)^2 
* (total birth wt/1396) 
Total birth weight was dependent on two factors: 1) 
birth weight and 2) litter size. Birth weight was assumed to 
be 1.25 kg for gilts and 1.40 kg for sows (Bowland, 1964; 
Omtvedt et al., 1965). Litter size was influenced by parity. 
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lactation length and estrus at initial mating (Figure 5). 
Litter size increased with each subsequent parity up to the 
fourth and leveled out (Strang, 1970). An 18-day or 21-day 
lactation reduced subsequent litter size by -.4 and -.2 pigs, 
respectively (Hays et al., 1978; Allrich et al., 1979). 
Litter size increased in gilt litters when mating was delayed 
to the second estrus and increased again to the third estrus 
(MacPherson et al., 1977). 
Lactation 
Energy demands on the lactating sow were substantial. 
Lactating sows seldom gain weight during lactation and 
frequently lose weight. Lactating sows were fed ad libitum 
up to a maximum intake (Figure 6) of 16 Meal ME and 17.5 Meal 
ME for gilts and sows, respectively. Energy requirements for 
ad libitum fed sows were represented by the following linear 
model: 
MEi = MEm + (1/Kl) M 
where M was the Meal of milk energy produced and (1/Kl) was 
the efficiency of milk energy production. Milk energy was 
produced from feed ME with an efficiency of 65 percent 
(Verstegen et al., 1985). The model used an efficiency of 80 
percent for the conversion of body tissue (9.5 Meal/kg fat 
and 5.7 Meal/kg protein) into milk energy (De Lange et al., 
1980). When body stores were mobilized, the ratio of fat 
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loss to protein loss was 24:1. Milk energy content was 
assumed to be 1.25 Meal ME/kg. 
Milk energy curves were modeled as maximum genetic 
potentials for any given day and were only reached when the 
litter demanded the energy. Besides litter demand, milk 
production was influenced by parity and stage of lactation 
(Figure 7). Maximum milk energy production was lower for 
gilts than sows. Production increased through the third week 
of lactation, plateaued and decreased from the fourth to 
fifth week of lactation (Elsley, 1971). 
Creep feed was available to the litter at 14 days of 
age. Creep feed intake occurred if milk production was not 
sufficient to meet the litter demand. Intakes were 
determined as the amount of energy demanded by the litter in 
excess of milk production. 
The base value for survival rate up to weaning was 
modeled at 15 percent. Deaths were assumed to occur during 
the first three days. Mortality rates have been shown to 
increase with lighter birth weights and larger litter sizes. 
Since the ranges in litter size and weight used in this model 
were negligible compared to the ranges reported in the 
literature, no adjustments were accounted for. 
1 
Fig. 7. Maximum milk production 
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Replacement Rate Model 
The strategy of the replacement rate model was to 
account for the multitude of physiological-age classes that 
existed at any one time in the breeding herd. Once sows 
entered the breeding pool, removal could occur for one of 
four reasons: 1) death, 2) failure to conceive, 3) failure to 
maintain pregnancy, or 4) age. 
Death rate for the breeding herd was modeled as two 
percent each reproductive cycle. For a herd producing two 
litters per year, breeding herd death rate would be four 
percent annually. Death most often occurs near parturition 
and was modeled to occur on day 110 of gestation. 
Sows that failed to conceive after mating were removed 
from the breeding herd, but gilts were given two 
opportunities. The percentage of sows failing to breed was 
dependent upon conception rates. Sows that were culled for 
failure to conceive were maintained for an additional 21 days 
prior to being shipped to market. 
Failure to maintain pregnancy resulted in subsequent 
culling. Three percent of the sows that were pregnant 21 
days post-mating failed to maintain litters. Abortion of 
fetuses usually occurs in the last trimester of pregnancy. 
Sows that are tested pregnant and absorb their litters often 
are undetected until the last weeks of gestation. Sows that 
failed to maintain litters were assumed to be marketed on day 
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100 of gestation. 
Maximum parity was an input in this simulation to 
designate age. Five parities were the maximum allowed. Sows 
that produced their final litter were marketed 25 days 
post-weaning. 
Death rate and failure to maintain a litter were assumed 
to occur uniformly across parities. These values, along with 
conception rates and maximum parity, were iterated for each 
production system scenario until equilibrium was reached to 
determine the percentage of each parity in the herd at any 
given time. 
Economic Model 
The economic model incorporated performance and energy 
requirements from the energy model with sow physiological-age 
classes determined by the replacement rate model with 
economic inputs to simulate the various production systems. 
Production costs were estimated for the production 
system being simulated. Feed costs were based on the 
percentage of corn and supplement utilized in the rations 
(Figure 3). The supplement was assumed to be soybean meal 
based and contain 38 percent protein. Production systems 
were simulated with high and low feed costs » Low feed costs 
consisted of $2.50 corn and $250 supplement while high feed 
costs utilized $3.00 corn and $300 supplement. 
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Labor and operating costs were calculated on both a 
litter and pig weaned basis. Labor and operating costs were 
modeled at $48.00 and $55.50, respectively, per litter 
farrowed with an additional cost per pig weaned of $2.00 and 
$3.85, respectively (Stevermer, 1985). The base production 
system was assumed to require 40 hours of labor per week at a 
cost of six dollars per hour. This resulted in an annual 
labor cost of $12,480 for the base system. 
Boar costs were treated as fixed in the model. Each 
production system maintained a 20:1 sow to boar ratio. Boars 
were purchased for $500 per head and assumed to use 817 kg of 
feed per year. Boar costs were depreciated over 24 months. 
Investment costs for buildings and equipment were charged 
at an annual rate of 12 percent as follows: 
Breeding unit = $500 per sow capacity 
Gestation unit = $250 per sow capacity 
Farrowing house = $2500 per crate 
Nursery unit = $70 per pig capacity 
Grower unit = $85 per pig capacity 
Finishing unit = $100 per pig capacity 
Misc. Equipment = $12000 
The farrowing house was assumed to be an environmentally 
controlled house with raised crates above a concrete floor. 
The nursery was environmentally controlled with slotted 
floors and decks for early weaned pigs. The grower and 
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finisher units were modified open front buildings. The 
breeding unit was an environmentally controlled facility. 
Sows were maintained in the breeding unit from weaning until 
30 days post-mating when they could be pregnancy tested. The 
gestation facility was assumed to be a modified open front 
unit. 
Capital expenses were charged against the fixed 
investment and variable costs. A capital cost of 7.5 percent 
was calculated against the value of the fixed investment 
while an interest rate of 13.5 percent was charged to half 
the feed and operating expenses. 
Income was the result of sales of both market hogs and 
culled breeding stock. As previously mentioned, average 
market hog weight was modeled at 100 kg. Average cull sow 
weight was an entity of the production system being 
simulated. The market hog price was entered as $99.23 per 
100 kg while cull sows were sold for $77,18 per 100 kg. 
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RESULTS AND DISCUSSION 
To make viable conclusions from simulated data, 
confidence in the model's ability to adequately simulate the 
system of interest must be established. This is referred to 
as model validation. In the most strict sense, validation 
implies using control variables which duplicate experimental 
treatments and comparing the simulated results with 
experimental results. 
The objective of this model was to simulate responses to 
mating and management systems, many of which have not been 
observed. The model's control variables have not been 
duplicated in experiments. that evaluated biological and 
economic inputs and outputs over the complete life-cycle and 
thus lack validation in that respect. However, the model can 
be evaluted in several ways to judge its suitability in 
fulfilling its designed purpose (Tess. 1983a). 
Model output under the base parameters can be evaluated 
on its ability to simulate performance representative of 
commercial swine production at several points in the life 
cycle and not merely at final summation of inputs and 
outputs. The biological components of performance were 
simulated at all points in the life cycle. Therefore, 
detailed description provides verification of the model. 
Finally, certain aspects of the simulation can be validated 
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directly by comparing simulated results with experimental 
data not used in construction of the model. 
Simulated Energy Requirements 
Figure 8 illustrates the simulated growth curves for 
barrows and gilts. Although protein growth was modeled as a 
quadratic function of time, lean body mass was nearly linear 
from 56 days of age to 100 kg. Fat deposition increased 
quadratically with age. Similarly, live weight growth was 
quadratic from birth to market, but post-weaning growth was 
generally linear (Robison, 1976). 
Barrows had greater carcass weights and more fat per day 
of age than gilts. Barrows attained 100 kg in 174 days, five 
days sooner than contemporary gilts. At 100 kg, carcasses 
from barrows contained 37.17 versus 34.04 percent fat for 
gilts. This was a similar to the relationship reported by 
JUSb (1984). 
The faster growth rate for barrows related to a 
corresponding increase in feed intake. This was primarily 
the result of increased fat deposition. As a result, little 
difference was noted in feed efficency in spite of the 
barrows' faster rates of gain. This is in agreement with 
Christian et al. (1980) who found significant sex differences 
for daily gain but not for feed efficiency. 
Fig. 8. Simulated growth curves 
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Overall, feed efficiency from weaning at 35 days to 
market weight averaged 3.0. Feed efficiency during the 
starter period averaged 2.58, increased to 2.65 during the 
growing period and averaged 3.37 for the finishing period. 
At 100 kg, feed efficiency had deteriorated to 3.62. These 
values were higher than those reported by Richmond and Berg 
(1971) but similar to values reported by Bowland (1964). 
Efficiency of feed utilization is perhaps the most 
important trait affecting the economics of swine production. 
Approximately 60 percent of the total cost of raising swine 
is attributable to feed costs (Stevermer, 1985). The nursing 
sow cannot compete with the direct conversion of feed energy 
to lean meat and fat. The most efficient utilization of feed 
was obtained by remaining within limits of normal 
reproductive performance during pregnancy, providing as much 
feed as the sow requires for milk production during lactation 
and as much feed as possible directly to young pigs (Bowland, 
1967). A system of feeding that attempted to allow no gain 
in weight beyond that accounted for by fetal development and 
a normal growth allowance during gestation allowed the 
maximum energetic efficiency. 
Figure 9 illustrates a theoretical gestation feeding 
program to maximize energetic efficiency (ARC). This system 
provided enough metabolizable energy to meet a sow's 
maintenance requirement and allow adequate maternal growth. 
i 
Fig. 9. Gestation energy requirements 
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As fetal development in the uterus proceeds in mid-gestation, 
the energy available for maternal deposition declines, A 
month prior to parturition, fetal energy requirements 
continued to increase to a point where sows utilized body 
reserves to meet energy demands. As a result, energy levels 
needed to be increased daily to meet fetal demand and 
maintain sow body condition. 
Typically, swine producers have not tried to increment 
gestating sow energy requirements on a daily basis. Most 
feeding programs have recommended incrementing the feeding 
level once two or three weeks prior to parturition. Figure 
10 illustrates simulated gestation energy demands. Gestating 
sows reach a negative energy balance approximately 90 days 
into gestation and mobilize body tissue. Two weeks prior to 
parturition, increased gestation energy levels bring the sows 
back into a positive energy balance and maternal energy is 
once again deposited. Sow weight loss occurs again just 
prior to parturition. Overall, sows maintain body 
composition the final trimester of gestation. 
Simulated sow weight changes are presented in figure 11. 
This figure illustrates sow live-weight changes over five 
parities as gilts were mated third estrus following puberty 
and mated second estrus following 35-day lactations. The 
gestation feeding program appeared adequate to meet 
maintenance requirements, fetal development and growth for 
\ 
Fig. 10. simulated gestation energy requirements 
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Fig. 11. Simulated sow growth 
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all five parities. Sows gained weight during both the first 
and second trimester of gestation and maintained weight 
during the final trimester. 
A lactation feeding level of 16 Meal ME for gilt and 
second parity sows limited lactation weight loss, but 17.5 
Meal of ME were not adequate to maintain third, fourth, and 
fifth parity sows during lactation. Sows generally 
maintained that weight into the first three weeks of 
lactation, but lost body condition the final two weeks of 
lactation as milk production increased. As a result of 
lactation feeding levels and increased milk production, 
third, fourth and fifth litter sows lost more weight during 
lactation than first and second parity sows. 
These results were similar to those reported by Brooks 
et al. (1979). Gestation allowances over five parities of 
1.75, 1.8, 1.9, 2.3 and 2.3 kg/day of a ration containing 2.9 
Meal ME/kg and a maximum lactation allowance of 2.0 kg plus 
400 g/pig were adequate to maintain reproductive performance. 
Elsley et al. (1969) reported similar changes in live weight 
for sows maintained three parities. 
Breeding Herd Performance 
Figures 12 through 16 illustrate breeding herd 
performance for each pork production system simulated. Under 
base parameters, gilts were mated at the third estrus 
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Parity 
1 2 3 4 5 
Mating weight (kg) 117 .3 143 .4 156 .3 171 .0 179.0 
Percent fat at mating 33. 16 31. 97 30. 78 29. 53 28.11 
Gestation intake (kg) 210 .2 210 .2 233 .2 233 .2 233.2 
Avg. gestation intake (kg) 1. 83 1. 83 2. 03 2. 03 2.03 
Maternal gestation gain t>kg) 20 .6 10 .8 15 .9 10 .8 8.1 
Farrowing weight (kg) 137 .9 154 .2 172 .2 181 .8 187.1 
Percent fat at farrowing 32. 35 31. 46 30. 51 29. 27 27.81 
Lactation intake (kg) 168 .2 177 .0 183 .9 187 .0 188.3 
Maternal lactation loss (kg) 0. 70 2. 10 3. 80 4. 50 4.90 
Weaning weight (kg) 137 .2 152 .1 168 .4 177 .3 182.2 
Percent fat at weaning 32. 14 30. 83 29. 54 28. 09 26.54 
Number of pigs born alive 8. 93 9. 50 9. 79 9. 88 9.88 
Number of pigs weaned 7. 59 8. 08 8. 32 8. 40 8.40 
Total creep intake (kg) 3. 77 5. 3 4 6. 42 6 • 84 6.34 
Intake per weaned pig (kg) 0. 50 0. 66 0. 77 0. 81 0.81 
Total sow feed (kg) 463 .0 437 .6 463 .9 467 .0 468.3 
Fig. 12. Performance of sow mated at the third estrus fol­
lowing puberty and at the second estrus following 
35-day lactations 
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Parity 
1 2 3 4 5 
Mating weight (kg) 117 .3 138.8 150.2 165 .4 174.2 
Percent fat at mating 33. 16 32.10 31.01 29. 78 28.46 
Gestation intake (kg) 210 .2 210.2 233.2 233 .2 233.2 
Avg. gestation intake (kg) 1. 83 1.83 2.03 2. 03 2.03 
Maternal gestation gain (kg) 20 .6 12.5 18.1 12 .7 9.7 
Farrowing weight (kg) 137 .9 151.3 168.3 178 .1 183.9 
Percent fat at farrowing 32. 35 31.59 30.70 29. 56 28.22 
Lactation intake (kg) 168 .2 176.3 182.9 186 .1 187.5 
Maternal lactation loss (kg) 0 .7 2.0 3.5 4 .3 4.7 
Weaning weight (kg) 137 .2 149.3 164.8 173 .8 179.2 
Percent fat at weaning 32. 14 31.02 29.79 28. 45 27.00 
Number of pigs born alive 8. 93 9.50 9.79 9. 88 9.88 
Number of pigs weaned 7. 59 8.08 8.32 8. 40 8.40 
Total creep intake (kg) 3. 77 5.34 6*42 6. 84 6.P,4 
Intake per weaned pig (kg) 0. 50 0.66 0.77 0. 81 0.81 
Total sow feed (kg) 463 .0 399.1 425.1 428 .3 429.7 
Fig. 13. Performance of sow mated at the third estrus fol­
lowing puberty and at the first estrus following 
35-day lactations 
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Parity 
1 2 3 4 5 
Mating weight (kg) 117 .3 138.6 150.5 166 .5 175.9 
Percent fat at mating 33. 16 31.99 31.00 29. 97 28.89 
Gestation intake (kg) 210 .2 210.2 233.2 233 .2 233.2 
Avg. gestation intake (kg) 1. 83 1.83 2.03 2. 03 2.03 
Maternal gestation gain (kg) 20 .6 12.6 18.0 12 .3 9.2 
Farrowing weight (kg) 137 .9 151.2 168.5 178 .8 185.1 
Percent fat at farrowing 32. 35 31.47 30.69 29. 73 28.60 
Lactation intake (kg) 127 .1 137.4 143.3 146 .1 147.4 
Maternal lactation loss (kg) 1. 10 1.70 2.50 3. 30 3.60 
Weaning weight (kg) 136 .8 149.5 166.0 175 .5 181.5 
Percent fat at weaning 32. 02 31.00 29.97 28, 88 27.69 
Number of pigs born alive 8. 93 9.50 9.79 9. 88 9.88 
Number of pigs weaned 7. 59 8.08 8.32 8. 40 8.40 
Total creep intake (kg) 1. 85 0.32 0.66 0. 83 0.83 
Intake per weaned pig (kg) 0. 24 0.04 0.08 0. 10 0.10 
Total sow feed (kg) 421 .9 362 387.3 390 .1 391.4 
Fig. 14. Performance of sow mated at the third estrus fol­
lowing puberty and at the first estrus following 
28-day lactations 
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Parity 
1 2 3 4 5 
Mating weight (kg) 117.3 139.6 152.9 170 .4 181 .2 
Percent fat at mating 33.16 32.24 31.70 31. 87 30. 77 
Gestation intake (kg) 210.2 210.2 233.2 233 .2 233 .2 
Avg. gestation intake (kg) 1.83 1.83 2.03 2. 03 2. 03 
Maternal gestation gain (kg) 20.6 12.2 17.1 11 .0 7 .5 
Farrowing weight (kg) 137.9 151.8 170.0 181 .4 188 .7 
Percent fat at farrowing 32.35 31.71 31.34 30. 89 30. 31 
Lactation intake (kg) 90.6 94.8 99.6 102 .0 103 .0 
Maternal lactation loss (kg) 0.30 0.00 0.30 0. 60 0. 70 
Weaning weight (kg) 137.6 151.8 169.7 180 .8 188 .0 
Percent fat at weaning 32.29 31.71 31.27 30. 78 30. 16 
Number of pigs born alive 8.93 9.27 9.55 9. 65 9. 65 
Number of pigs weaned 7.59 7.88 8.12 8. 20 8. 20 
Total creep intake (kg) 0.01 0.00 0.00 0. 00 0. 00 
Intake per weaned pig (kg) 0.00 0.00 0.00 0. 00 0. 00 
Total sow feed (kg) 385.4 321.2 345.4 347 .8 348 .8 
Fig. 15. Performance of sow mated at the third estrus fol­
lowing puberty and at the first estrus following 
21-day lactations 
79 
Parity 
1 2 3 4 5 
Mating weight (kg) 117 .3 140 .1 153 .4 171 .1 182.2 
Percent fat at mating 33. 16 32. 30 31. 74 31. 36 30.99 
Gestation intake (kg) 210 .2 210 .2 233 .2 233 .2 233.2 
Avg. gestation intake (kg) 1. 83 1. 83 2. 03 2. 03 2.03 
Maternal gestation gain (kg) 20 .6 12 .0 17 .0 10 .7 7.1 
Farrowing weight (kg) 137 .9 152 .1 170 .4 181 .8 189.3 
Percent fat at farrowing 32. 35 31. 77 31. 36 31. 00 30.51 
Lactation intake (kg) 75 .1 77 .7 81 .7 83 .7 84.6 
Maternal lactation loss (kg) 0. 10 0. 00 0. 10 0 . 00 0.10 
Weaning weight (kg) 137 .8 152 .1 170 .3 181 .8 189.2 
Percent fat at weaning 32. 37 31. 76 31. 37 30. 99 30.51 
Number of pigs born alive 8. 93 9. 04 9. 32 9. 41 9.41 
Number of pigs weaned 7. 59 7. 68 7. 92 8. 00 8.00 
Total creep Intake (kg) 0. 00 0. 00 0. 00 0. 00 0.00 
Intake per weaned pig (kg) 0. 00 0. 00 0. 00 0. 00 0.00 
Total sow feed (kg) 369 .9 305 .9 329 .3 331 .3 332.2 
Fig. 16. Performance of sow mated at the third estrus fol­
lowing puberty and at the first estrus following 
18-day lactations 
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following puberty. Hence, initial mating weights for each 
system were the same. Sows weight increased with successive 
parity, but condition declined as reported by Whittemore et 
al. (1980), who monitored 108 crossbred sows over two 
parities for changes in live weight and fatness. Between 
mating (parity 1) and weaning (parity 2) sows gained 22 kg of 
live weight and lost 6.8 mm of backfat. 
Sow weight and composition began to vary between 
production systems as reproduction advanced into successive 
parities. This was the result of utilizing the same 
gestation feeding program across systems. Early weaned sows 
(18 and 21 day lactations) did not lose as much weight or 
condition as sows weaned at 28 or 35 days. As a result, 
after each successive parity early weaned sows were heavier 
and fatter than sows weaned 28 or 3 5 days. Sows that were 
weaned after 18-day lactations weighed 189.2 kg and contained 
30.5 percent fat after weaning their fifth litter, while sows 
that were weaned following a 35-day lactation weighed 17 9.2 
kg and contained 27.0 percent fat. This can be explained by 
the reduction in milk production that occurred as a result of 
early weaning and the smaller litter sizes that reduced the 
overall demand for milk and gestation energy. 
Early weaned sows were overfed during gestation in the 
sense that they maintained a higher percentage of fat when 
compared to the base system. Overall, they required less 
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feed to produce five litters of pigs. Setting the base 
system at 100.0, systems B, C, D, and E utilized 93.3, 84.9, 
76.0 and 72.6 percent, respectively, of the sow feed utilized 
by system A, from the time gilts were mated until they weaned 
their fifth litter. 
Figures 17 and 18 illustrate sow performance under 
system B, where gilts were mated at puberty or second estrus. 
Mating weight was reduced by mating gilts at puberty (102.1 
kg) or second estrus (110.1), but weaning weights after the 
fifth litter were nearly identical. This is due in part to 
1) smaller gilt litter size and 2) reduced maintenance energy 
requirements. Gilts mated at puberty or second estrus 
required 95.7 and 97.7 percent of the feed required when 
gilts were mated third estrus. 
Replacement Rate 
The replacement rate model was developed to simulate the 
percentage of each physiological-age group within the 
breeding herd at a given time. These physiological-age 
groups were dependent on the following factors: conception 
rate, death rate, failure to maintain pregnancy, and maximum 
parity. Figures 19 through 23 illustrate the percentage of 
each physiological-age class involved when maximum parity was 
set from five to one. 
Due to setting a maximum parity, overall replacement 
82 
Parity 
1 2 3 4 5 
Mating weight (kg) 102.1 130.2 145.1 162.5 172.4 
Percent fat at mating 34.71 32.45 31.39 30.13 28.83 
Gestation intake (kg) 210.2 210.2 233.2 233.2 233.2 
Avg. gestation intake (kg) 1.83 1.83 2.03 2.03 2.03 
Maternal gestation gain (kg) 26.7 15.6 20.0 13.7 10.3 
Farrowing weight (kg) 128.8 145.8 165.1 176.2 182.7 
Percent fat at farrowing 32.67 31.82 31.01 29.90 26.71 
Lactation intake (kg) 154.5 174.9 182.1 185.7 187.3 
Maternal lactation loss (kg) 0.5 1.7 3.3 4.2 4.6 
Weaning weight (kg) 128.3 144.1 161.8 172.0 178.1 
Percent fat at weaning 32.52 31.41 30.14 28.83 27 .40 
Number of pigs born alive 8.36 9.50 9.79 9.88 9.88 
Number of pigs weaned 7.11 8.08 8.32 8.40 8.40 
Total creep intake (kg) 5.78 5 = 34 6.42 6.84 6.84 
Intake per weaned pig (kg) 0.81 0 .66 0.77 0.81 0.81 
Total sow feed (kg) 373.7 397.7 424.3 427.9 429.5 
Fig. 17. Performance of sow mated at the first estrus fol­
lowing puberty and the first estrus following 35-
day lactations 
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Parity 
1 2 3 4 5 
Mating weight (kg) 110.1 134.5 147.6 163 .9 173.3 
Percent fat at mating 33.52 32.21 31.15 29. 92 28.63 
Gestation intake (kg) 210.2 210.2 233.2 233 .2 233.2 
Avg. gestation intake (kg) 1.83 1.83 2.03 2. 03 2.03 
Maternal gestation gain (kg) 23.5 14.0 19.0 13 .2 10.0 
Farrowing weight (kg) 133.6 148.5 166.6 177 .1 183.3 
Percent fat at farrowing 32.49 31.70 30.83 29. 70 28.39 
Lactation intake (kg) 157.9 175.6 182.5 185 .7 187.2 
Maternal lactation loss (kg) 0.8 1.8 3.3 4 .2 4.6 
Weaning weight (kg) 132.8 146.7 163.3 172 .9 178.7 
Percent fat at weaning 32.25 31.16 29.92 28. 62 27.19 
Number of pigs born alive 8.74 9.50 9.78 9. 88 9.88 
Number of pigs weaned 7.43 8.08 8.32 8. 40 8.40 
Total creep intake (kg) 7.03 5.34 6.42 6. 75 6.75 
Intake per weaned pig (kg) 0.95 0.61 0.77 0. 80 0.80 
Total sow feed (kg) 414.9 398.4 424.7 427 .9 429.4 
Fig. 18. Performance of sow mated at the second estrus fol­
lowing puberty and at the first estrus following 
35-day lactations 
Estrus at mating: 3rd 1st post-weaning 
Parity; 12 3 4 5 Total 
Percentage of sows; 
initially mated 33 .2 26.8 22.2 18.3 15.1 115.6 
pregnant 21 days post-mating 28 .2 23.3 19.3 15.9 13.2 99.9 
open 21 days post-mating 5 .0 3.5 2.9 2.4 2.0 15.8 
that die during gestation 0 .6 0.5 0.4 0.3 0.3 2.1 
that fail to maintain pregnancy 0 .8 0.7 0.6 0.5 0.4 3.0 
that farrow a litter 26 .8 22.2 18.3 15.1 12.5 94.9 
culled post-weaning 0 .0 0.0 0.0 0.0 12.5 12.5 
Fig. 19. Percentage of sows within each physiological-age group when gilts 
were mated at third estrus and sows were allowed a maximum of five 
parities 
Estrus at mating; 3rd 1st post-weaning 
Parity; 12 3 4 5 Total 
Percentage of sows; 
initially mated 38 .3 30 .9 25.5 21.2 0.0 115.9 
pregnant 21 days post-mating 32 .5 26 .9 22.2 18.4 0.0 100.0 
open 21 days post-mating 5 .7 4 .0 3.3 2.7 0.0 15.7 
that die during gestation 0 .7 0 .5 0.4 0.4 0.0 2.0 
that fail to maintain pregnancy 1 .0 0 .8 0.7 0.6 0.0 3.1 
that farrow a litter 30 .9 25 .5 21.1 17.4 0.0 94.9 
culled post-weaning 0 .0 0 .0 0.0 17.4 0.0 17.4 
Fig. 20. Percentage of sows within each physiological-age group when gilts 
were mated at third estrus and sows were allowed a maximum of four 
parities 
Estrus at mating; 3rd 1st post-weaning 
Parity; 12 3 4 5 Total 
Percentage of sows; 
initially mated 46. 9 37, .9 31, .3 0, .0 0, .0 116. 1 
pregnant 21 days post-mating 39, .8 32. 9 27. 2 0, .0 0, .0 99. ,9 
open 21 days post-mating 7. 0 4. 9 4. 1 0. 0 0. 0 16. 0 
that die during gestation 0, .8 0. 7 0. 5 0. 0 0. 0 2. 0 
that fail to maintain pregnancy 1. 2 1. 0 0. 8 0. 0 0. ,0 3. 0 
that farrow a litter 37. 9 31. 3 25. 9 0. ,0 0. 0 95. ,1 
culled post-weaning 0. 0 0. 0 25. 9 0. ,0 0. 0 25. 9 
Fig. 21. Percentage of sows within each physiological-age group when gilts 
were mated at third estrus and sows were allowed a maximum of three 
parities 
Estrus at mating; 3rd 1st post-weaning 
Parity: 12 3 4 5 Total 
Percentage of sows; 
initially mated 64 .4 52 .0 0.0 0 .0 0.0 116 .4 
pregnant 21 days post-mating 54 .7 45 .3 0.0 0 .0 0.0 100 .0 
open 21 days post-mating 9 .7 6 .8 0.0 0 .0 0.0 16 .5 
that die during gestation 1 .1 0 .9 0.0 0 .0 0.0 2 .0 
that fail to maintain pregnancy 1 .6 1 .4 0.0 0 .0 0.0 3 .0 
that farrow a litter 52 .0 43 .0 0.0 0 .0 0.0 95 .0 
culled post-weaning 0 .0 43 .0 0.0 0 .0 0.0 43 .0 
Fig. 22. Percentage of sows within each physiological-age group when gilts 
were mated at third estrus and sows were allowed a maximum of two 
parities 
Estrus at mating: 3rd 1st post-weaning 
Parity; 12 3 4 5 Total 
Percentage of sows; 
initially mated 117 .6 0 .0 0 .0 0 .0 0.0 117.6 
pregnant 21 days post-mating 100 .0 0 .0 0 .0 0 .0 0.0 100.0 
open 21 days post-mating 17 .6 0 .0 0 .0 0 .0 0.0 17.6 
that die during gestation 2 .0 0 .0 0 .0 0 .0 0.0 2.0 
that fail to maintain pregnancy 3 .0 0 .0 0 .0 0 .0 0.0 3.0 
that farrow a litter 95 .0 0 .0 0 .0 0 .0 0.0 95.0 
culled post-weaning 95 .0 0 .0 0 .0 0 .0. 0.0 95.0 
Fig. 23. Percentage of sows within each physiological-age group when gilts 
were mated at third estrus and allowed one parity 
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rate ran relatively high. Kroes and Van Male (1979) and 
Dagorn and Aumaitre (1979) reported replacement rates 
averaged 43 and 50 percent, respectively. The average number 
of litters weaned per culled sow was 4.2. Generally, 50 
percent of the sow herd was culled prior to four parities. 
Facility requirements were calculated for each system to 
produce 200 litters annually. In reality, each system 
operated at 95 percent capacity. The number of sows and 
gilts mated in each group was determined by the number of 
farrowing crates available per group. Mating proceeded with 
the intention of filling all available crates. This is 
illustrated in Figures 19-23. For example in Figure 19, 
initially, 115.6 percent of the farrowing house capacity were 
mated, but only 99.9 percent capacity were actually pregnant 
21-days post-mating. Since 2.1 percent died during gestation 
and 3 percent failed to carry litters to term, 94.9 percent 
of our farrowing house capacity would actually farrow a 
litter of pigs in any given group or system. 
Under the base system parameters with maximum parity set 
at five, 28.2 percent of all litters farrowed were from 
gilts. This increased to 32.5, 39.8, 54.7, and 100 percent 
as parity was reduced from five to one. At the same time, 
the total number of gilts mated to maintain capacity 
increased from 115.6 percent to 117.6 percent as a result of 
gilts having lower expected conception rates than sows. 
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Figures 24 and 25 illustrate the effect mating gilts at 
first or second parity has on mating plans. Although the 
percentage of gilts actually farrowed remains constant, more 
gilts must be mated to maintain capacity as a result of lower 
conception rates (80 versus 83, respectively). Mating gilts 
at puberty increased the total number of animals mated per 
group from 115.6 percent to 117.7 percent of the farrowing 
house capacity. 
Management and Mating Systems 
Effect of estrus at initial mating 
Sexual precocity allows reduction of the unproductive 
interval between the end of finishing and first farrowing. 
Reducing this unproductive interval is not without its costs 
due to impaired reproductive performance. MacPherson et al. 
(1977) affirmed that the heat period at which gilts vjere 
mated affects the size of the first litter. However, 
delaying mating resulted in poorer feed efficiency. 
Differences in the litter size of gilts have generally been 
attributed to differences in the number of heat periods 
experienced prior to mating, although in many cases such 
differences in physiological experience were confounded with 
differences in chronological age (Brooks et al., 1979). 
The effect of mating gilts at puberty, second or third 
Estrus at mating: 1st 1st post-weaning 
Parity: 12 3 4 5 Total 
Percentage of sows: 
initially mated 35.3 26.8 22.2 18.3 15.1 117.7 
pregnant 21 days post-mating 28.2 23.3 19.3 15.9 13.2 99.9 
open 21 days post-mating 7.1 3.5 2.9 2.4 2.0 17.9 
that die during gestation 0.6 0.5 0.4 0.3 0.3 2.0 
that fail to maintain pregnancy 0.8 0.7 0.6 0.5 0.4 3.0 
that farrow a litter 26.8 22.2 18.3 15.1 12.5 94.9 
culled post-weaning 0.0 0.0 0.0 0.0 12.5 12.5 
Fig. 24. Percentage of sows within each physiological-age group when gilts 
were mated at first estrus and sows were allowed a maximum of five 
parities 
Estrus at mating: 2nd 1st post-weaning 
Parity: 12 3 4 5 Total 
Percentage of sows; 
initially mated 34.0 26.8 22.2 18.3 15 .1 116.4 
pregnant 21 days post-mating 28.2 23.3 19.3 15.9 13 .2 99.9 
open 21 days post-mating 5.8 3.5 2.9 2.4 2 .0 16.6 
that die during gestation 0.6 0.5 0.4 0.3 0 .3 2.0 
that fail to maintain pregnancy 0.8 0.7 0.6 0.5 0 .4 3.0 
that farrow a litter 26.8 22.2 18.3 15.1 12 .5 94.9 
culled post-weaning 0.0 0.0 0.0 0.0 12 .5 12.5 
Fig. 25. Percentage of sows within each physiological-age group when gilts 
were mated at second estrus and sows were allowed a maximum of 
five parities 
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estrus was examined using system B. Gilts were mated at one 
of three estrus cycles, weaned following a 35-day lactation 
and mated first estrus. Sows were maintained in the breeding 
herd up to five parities. Within each estrus affect, gilts 
farrowed 28.2 percent of the litters. 
The effects of estrus at initial mating are illustrated 
in Figures 26 and 27. Figure 26 reflects the 1985 scenerio 
of cheap feed costs ($2.50 corn and $250 supplement) while 
Figure 27 represents moderately high feed costs ($3.00 corn 
and $300 supplement). When mating was delayed to the third 
estrus, 1400.2 hogs were marketed annually. Mating gilts 
during second estrus and at puberty reduced annual marketings 
to 1392.1 and 1375.8 hogs, respectively, an annual 0.5 and 
1.7 percent reduction. 
Maintaining gilts for mating at the second or third 
estrus required feed and accommodations for an additional 21 
or 42 days, respectively. This resulted, however, in an 
additional .32 or .48 pigs weaned per gilt litter farrowed. 
These results were similar to those reported by Young et al. 
(1981). They maintained gilts until third estrus, which 
required an additional 44 days, but resulted in an additional 
1,4 pigs per sow over three parities. 
Although reproductive performance was hindered, mating 
gilts at puberty showed a slight advantage in whole herd feed 
efficiency (3.560) versus mating gilts at second estrus 
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Estrus at mating 
1st 2nd 3rd 
Costs 
Feed $ 47.67 47.92 47.84 
Operating $ 11.16 11.07 11.03 
Labor $ 8 .28 8.21 8.17 
Depreciation $ 14.68 14.86 14.78 
Capital $ 12.84 12.97 12.91 
Total cost $ 94.62 95.03 94.73 
Total income $ 97.89 97.90 97.89 
Margin over all costs $ 3.27 2.87 3.16 
Margin over variable costs $ 26.81 26.72 26.88 
Net profit $ 4793 4202 4714 
Pigs marketed 1375.8 1392.1 1400.2 
Sows marketed 52.6 52.6 52.6 
Feed efficiency 3.560 3.579 3.577 
Facility requirements (animal units) 
Breeding 39.4 46.2 46.5 
Gestation 56.7 56.7 56.7 
Lactation 28.4 28.4 28.4 
Nursery 225.4 227.9 229.2 
Grower-finisher 437.2 442.2 444.6 
Fig. 26. Effect of mating gilts at puberty, second or third 
estrus when expecting low feed costs 
95 
Estrus at mating 
1st 2nd 3rd 
Costs 
Feed $ 57.20 57.50 57.41 
Operating S 11.16 11.07 11.03 
Labor $ 8.28 8.21 8.17 
Depreciation $ 14.68 14.86 14.78 
Capital $ 13.48 13.62 13.56 
Total cost $ 104.80 105.26 104.95 
Total income $ 97.89 97.90 97.89 
Margin over all costs $ -6.91 -7.36 —7 .06 
Margin over variable costs $ 16.64 16.49 16.66 
Net profit S -10108 -10906 -10513 
Pigs marketed 1375.8 1392.1 1400.0 
Sows marketed 52.6 52.6 52.6 
Feed efficiency 3.56 3.579 3.577 
Facility requirements (animal units) 
Breeding 39.4 46.2 46.5 
Gestation 56.7 56.7 56.7 
Lactation 28.4 28.4 28.4 
Nursery 225.4 227.9 229.2 
Grower-finisher 437.2 442.2 444.6 
Pig. 27. Effect of mating gilts at puberty, second or third 
estrus when expecting high feed costs 
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(3.579) or third estrus (3.577). Improved whole herd feed 
efficiency became slightly more noteworthy under the high 
feed cost scenerio (Figure 27). The difference in feed cost 
per 100 kg of pork marketed increased from $0.30 to SO.21 
when mating was delayed from first to second or third estrus. 
However, impaired reproduction was evidenced in both 
operating costs and labor costs as a result of dollars being 
spread over fewer head of marketable pork. For example in 
Figure 26, 1375.8 pigs were marketed annually when gilts were 
mated first estrus versus 1392.1 and 1400.2 for second and 
third estrus, respectively. As a result, operating expenses 
and labor expenses were higher (11.16, 8.28; 11.07, 8.21; and 
11.03, 8.17, respectively). 
The model analyzed the effects of estrus at first mating 
as a system of production. As a result, facility 
requirements were molded around the production system and not 
considered constant between alternative systems of pork 
production. Mating gilts at puberty impaired reproduction 
and thus reduced the nursery, grower and finisher capacity 
required to operate. In addition, the required size of the 
breeding facility declined. The effect of the scaling down 
of facilities was to lower depreciation and capital costs per 
kg of pork marketed. 
If numbers born and reared in the first litter were the 
sole parameter considered, the simulated results would 
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support the conclusion from earlier experiments that mating 
should be delayed. However, it is important to equate the 
increased pig production and sow productivity with additional 
feed and facility inputs. From this effort, it can be 
concluded that although earlier mating results in a reduction 
in first litter size this will not be reflected in overall 
production efficiency and may even be slightly improved when 
other production criteria were considered. Mating gilts 
during first estrus did not provide a means to significantly 
improve efficiency, but could reduce overall facility 
requirements, which in turn decreased capital requirements, 
improved cash flow and reduced the risk associated with pork 
production. 
Effect of estrus at mating following weaning 
Figure 28 illustrates the effect of mating sows on the 
first or second estrus following a 35-day lactation. The 
analysis of this effect was by direct comparison of 
production system A and B. Gilts were mated on the third 
estrus following puberty. Sows were weaned following a 
35-day lactation and mated either on the first (B) or second 
(A) post-weaning estrus. Sows were maintained in the 
breeding herd through five parities. 
The result had an affect on both feed and facility 
costs. Mating sows at the first post-weaning estrus reduced 
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1st 
Estrus 
2nd 
Costs 
Peed $ 47.84 48.29 
Operating $ 11.03 11.01 
Labor $ 8.17 8.16 
Depreciation $ 14.78 16.60 
Capital $ 12.91 14.05 
Total cost S 94.73 98.11 
Total income $ 97.89 97.87 
Margin over all costs $ 3.16 0.24 
Net profit $ 4714 -372 
Pigs marketed 1400.2 1400.3 
Sows marketed 52.6 52.6 
Feed efficiency 3.577 3.615 
Facility requirements (animal units) 
Breeding 46.5 52.3 
Gestation 56.7 64.4 
Lactation 28.4 32.25 
Nursery 229.2 260.3 
Grower-finisher 444.6 505.0 
Fig. 28. Effect of mating sows on 1st or 2nd estrus fol­
lowing 35-day lactation when expecting low feed 
costs 
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the reproductive cycle by 21 days from 176 days to 155 days. 
A sow consumed 6.7 percent less feed over her productive life 
which resulted in a savings of 154.6 kg of feed. However, 
herd feed efficiency would decline only one percent from 
3.615 to 3.577. As a result, feed costs were only reduced 
from $48.29 to $47.84 per kg of pork marketed. 
Maximizing facility useage was the best result of mating 
sows at the first rather than second post-weaning estrus. 
Farrowing every seven weeks improved animal flow which 
reduced each of the five facility requirements. As a result, 
total production costs declined $3.38 from $98.11 to $94.73 
per kg of pork marketed. Net profit increased by $5086 on 
only 1400 market hogs. 
Effect of maximum parity 
The effect of maximum parity was analyzed with 
production systems B and C. The model analyzed the 
performance and efficiency of these systems as they stand 
alone, without regard to capital gains or other tax 
considerations. The effects of reducing maximum parity from 
five down to one are illustrated in Figures 29 and 30. As 
maximum parity declined, replacement rate increased. The 
number of market hogs declined, since more replacement gilts 
were entering the breeding herd. In addition, a larger 
percentage of pork was marketed as culled breeding stock. 
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Maximum Parity 
1st 2nd 3rd 4th 5th 
Costs 
Feed $ 47.41 47.44 47.58 47.75 47.84 
Operating $ 11.08 11.11 11.06 11.04 11.03 
Labor $ 8.27 8.26 8.21 8.18 8.17 
Depreciation $ 15.97 15.36 15.00 14.86 14.78 
Capital $ 13.61 13.24 13.03 12.96 12.91 
Total cost $ 96.33 95.41 94.87 94.78 94.73 
Total income $ 94.94 96.77 97.37 97.70 97.8 9 
Margin over all costs $ -1.39 1.36 2.50 2.92 3.16 
Net profit $ -2022 1992 3701 4331 4714 
Pigs marketed 1169.6 1300.2 1356.3 1382.7 1400.2 
Sows marketed 195.9 105.6 75.8 61.0 52.6 
Feed efficiency 3.563 3.554 3.560 3.571 3.577 
Facility requirements (animal units) 
Breeding 71.4 55.7 50.6 47. 9 46.5 
Gestation 56.8 56.7 56.9 56.9 56.7 
Lactation 28.4 28.4 28.4 28.4 28.4 
Nursery 215.5 221.8 226.0 227.8 229.2 
Grower-finisher 418.0 430.2 438.4 442.0 444.6 
Fig. 29. Effect of maximum parity on enterprise income when 
sows mated first estrus following 35-day lactation 
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Maximum Parity 
1st 2nd 3rd 4th 5th 
Costs 
Feed $ 47.21 46.83 46.77 46.83 46.87 
Operating S 11.09 11.11 11.05 11.03 11.02 
Labor $ 8.27 8.26 8.20 8.18 8.17 
Depreciation $ 13.49 12.98 12.74 12.65 12.59 
Capital $ 12.10 11.76 11.61 11.56 11.52 
Total cost $ 92.16 90.94 90.37 90.25 90.17 
Total income $ 94.94 96.76 97.37 97.6 9 97.89 
Margin over all costs $ 2.78 5.82 7.00 7.44 7.72 
Net profit $ 4042 8527 10353 11047 11500 
Pigs marketed 1169.3 1299.8 1355.9 1382.3 1399.8 
Sows marketed 195.9 105.5 75.8 61.0 52.6 
Feed efficiency 3.544 3.508 3.501 3.504 3.506 
Facility requirements (animal units) 
Breeding 51.1 38.3 33.9 31.9 30.8 
Gestation 53.0 53.0 53.1 53.1 52.9 
Lactation 20.4 20.4 20.4 20.4 20.4 
Nursery 123.8 127.4 129.8 130.9 131.7 
Grower-finisher 510.6 525.5 535.3 539.8 543.0 
Pig. 30. Effect of maximum parity on enterprise income when 
sows mated first estrus following 28-day lactation 
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This decreased the value of the pork produced and resulted in 
declined income per kg of pork produced. 
A decline in reproductive performance also resulted. 
AS the percentage of gilt litters farrowed per group 
increased, the number of pigs produced declined resulting in 
increased production costs. The relative effects of maximum 
parity on efficiency were similar for both production 
systems. 
Little was gained by increasing maximum parity up to the 
fifth parity. The fifth or possibly sixth parity appeared to 
maximize production efficiency. A similar result was 
reported by Kroes and Van Male (1979). They studied the 
reproductive lifetime of sows in relation to economics of 
production in the Netherlands. Calculations for farms with 
low, average and high culling rates showed substantial 
differences in economic results. They concluded that the 
average cost per weaned pig was highest in the first litter 
and was at its minimum with the seventh litter. 
Effect of lactation length 
Today's technology makes it possible to wean pigs from 
one day to eight weeks. Finding the optimum age is difficult 
and is dependent on several variables. The effect of 
lactation length on production efficiency was analyzed by 
comparing production systems B, C, D and E. Within each 
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system, gilts were mated on the third estrus following 
puberty. Sows were weaned following 35-, 28-, 21- and 18-day 
lactation periods and mated the following estrus. Sows were 
maintained in the breeding herd through five parities. 
Figures 31 and 32 illustrate the effect lactation length 
within an assigned production system had on profitability and 
efficiency. Production efficiency, as measured by the total 
cost of production, margin over all costs and variable costs ; 
and net profit, improved as lactation length declined from 35 
days to 18 days. This was the result of decreased feed 
costs, depreciation and capital charges. A feed efficiency 
of 3.577 and 3.357 resulted in feed costs of 47.84 and 44.75 
for 35 and 18 day lactation lengths, respectively. 
Maximizing the use of the facilities was the primary 
benefit of reducing lactation length and utilizing multiple 
farrowing rooms. The 18-day lactation production system held 
a $7.24 advantage over the 35-day lactation production system 
when all costs were considered. When considering only 
variable costs, the advantage held by the 18-day lactation 
system dropped to $2.54. 
Net profit for the multiple farrowing production units 
($14794, $12833 and $11500, respectively) was much greater 
than that of the 35-day lactation system ($4714). This 
result occurred in spite of a decline in litter size due to 
early weaning. The 18-day production system sold only 1330 
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Lactation length 
18 21 28 35 
Costs 
Feed $ 44. 75 46. 92 46. 87 47. 84 
Operating S 11. 36 11. 18 11. 02 11. 03 
Labor $ 8. 46 8. 30 8. 17 8. 17 
Depreciation $ 11. 86 11. 80 12. 59 14. 78 
Capital $ 10. 96 . 11. 04 11. 52 12. 91 
Total cost S 87. 38 89. 02 90. 17 94. 73 
Total income $ 97. 78 97. 82 97. 89 97. 89 
Margin over all costs $ 10. 40 8. 80 7. 72 3. 16 
Margin over variable < costs s 29. 42 27. 50 27. 81 26. 88 
Net profit s 147 94 12833 11500 47 14 
Pigs marketed 1329 .7 1364 .8 1399 .8 1400 .2 
Sows marketed 52 .6 52 .6 52 .6 52 .6 
Feed efficiency 3.357 3.506 3.506 3.577 
Facility requirements (animal i units ) 
Breeding 29 .2 31 .0 30 .8 46 .5 
Gestation 49 .8 49 .2 52 .9 56 .7 
Lactation 15. 36 16. 44 20 .4 28 .4 
Nursery 176 .7 161 .7 131 .7 229 .2 
Grower-finisher 485 .8 502 :.0 543 .0 444 .6 
Fig. 31. Effect of lactation length on production effi­
ciency when expecting low feed costs 
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Lactation length 
18 21 28 35 
Costs 
Feed $ 53.70 56.31 56.24 57.41 
Operating S 11.36 11.18 11.02 11.03 
Labor $ 8.46 8.30 8.17 8.17 
Depreciation $ 11.86 11.80 12.59 14.78 
Capital $ 11.56 11.69 12.16 13.56 
Total cost $ 96.94 99.24 100.18 104.95 
Total income $ 97.78 97.82 97.89 97.89 
Margin over all costs $ 0.84 -1.42 -2.29 -7.06 
Margin over variable costs S 19.87 17.47 17.92 16.66 
Net profit $ 1198 -2068 -3412 -10513 
Pigs marketed 1329.7 1364.8 1399.8 1400.2 
Sows marketed 52.6 52.6 52.6 52.6 
Feed efficiency 3.357 3.506 3.506 3.568 
Facility requirements (animal units) 
Breeding 29.2 31.0 30.8 46.5 
Gestation 49.8 49.2 52.9 56.7 
Lactation 15.36 16.44 20.4 28.4 
Nursery 176.7 161.7 131.7 229.2 
Grower-finisher 485.8 502.0 543.0 444.6 
Fig. 32. Effect of lactation length on production effi­
ciency when expecting high feed costs 
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head of market hogs annually versus 1400 head for the 35-day 
lactation system. 
Similar results have been reported. Hays et al. (1978) 
reported that live pigs farrowed per litter increased with 
lactation length. However, potential sow productivity was 
maximized at the 18-day lactation weaning schedule. Aumaitre 
et al. (1976) concluded that reducing the weaning age 
represented a means to increase the productivity of French 
sow herds. 
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SUMMARY 
Commercial swine production has witnessed a constant 
shift to confinement operations. As a result, producers have 
increased production, become larger and more specialized. 
However, increases in profitability have not paralleled 
increases in production. Increased production costs and a 
downward trend in market prices have narrowed profit margins. 
Long term profitability in the swine industry will call for 
evaluation of management alternatives that emphasize 
efficiency. 
The "systems" concept of swine production research 
incorporates an awareness that there is more to consider than 
merely the level pf production. While level of production is 
an important factor affecting profitability, costs of 
production are equally important in determining the overall 
efficiency of the enterprise. There are numerous management 
and mating system alternatives that affect the profitability 
of the swine enterprise. This information must be integrated 
to determine how herd productivity and profitability are 
affected. Mating systems in combination with various 
management options could be compared through experimentation 
with live animals. However, obtaining information for the 
numerous possible combinations would require large 
expenditures of both time and money. 
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Five pork production systems were simulated using a 
deterministic computer model. Management and mating options 
analyzed were lactation length, estrus at initial mating, 
estrus following weaning and maximum parity. The systems 
were analyzed for efficency in producing 200 litters of pigs 
per year. Under this approach, inputs of feed, facilities 
and dollars were treated as dependent variables determined by 
animal performance within the production system simulated. 
Estrus at initial mating had little effect on enterprise 
efficiency. From this effort, it can be concluded that 
earlier mating allowed reduction of the unproductive interval 
between the end of finishing and first farrowing, but 
resulted in a reduction in first litter size. Mating gilts 
during the first estrus did not provide a means to improved 
efficiency, but reduced overall facility requirements, which 
in turn reduced capital outlay and thus reduced the risk 
associated with pork production. 
Mating sows at first versus second estrus following 
weaning after a 35-day lactation improved enterprise 
efficiency and profitability. Sows consumed 6.7 percent less 
feed over their reproductive life which resulted in saving 
154.6 kg of feed. Facilities were more efficiently utilized. 
Total production costs declined $3.38 from $98.11 to $94.73 
per 100 kg of pork marketed increasing net profit by $5086. 
Decreasing maximum parity from five down to one reduced 
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herd efficency and profitability. As replacement rate 
increased, more replacement gilts entered the breeding herd 
resulting in poorer reproductive performance, fewer market 
hogs and a larger percentage of pork being marketed as culled 
breeding stock. This decreased income and increase 
production costs per kg of pork produced. Increasing maximum 
parity from four up to five resulting in only slight gains in 
production efficiency. This suggests that little will be 
gained by maintaining sows past the fifth or sixth parity. 
Production efficiency improved as lactation length 
declined from 35 to 18 days. This was the result of 
decreased feed, depreciation and capital charges. This 
result occurred in spite of a decline in litter size due to 
early weaning. These simulated results indicate that 
increasing reproductive rhythm through tightened farrowing 
schedules and continuous farrowing offers many producers an 
opportunity to boost sow productivity, to make more efficient 
use of facilities and improve herd efficiency. 
no 
CONCLUSIONS 
The simulated results indicate that increasing 
reproductive rhythm, tightening farrowing schedules and 
farrowing continuously offer producers an opportunity to 
boost sow productivity, make more efficient use of facilities 
and improve herd efficiency. 
1. Mating gilts at first estrus does not appear to provide a 
means to improved efficiency, but this system does reduce 
overall facility requirements, which in turn reduces capital 
outlay and risk. 
2. Mating sows at first versus second estrus following 
weaning after a 35-day lactation improved feed efficiency and 
facility utilization. 
3. Decreasing maximum parity from five down to one increased 
the number of replacement gilts entering the breeding herd 
annually which resulted in poorer reproductive performance, 
fewer market hogs, and a larger percentage of pork marketed 
as culled breeding stock. This decreased income and 
increased production costs. 
4. Production efficiency improved when lactation length 
declined from 35 to 18 days as a result of decreased feed, 
depreciation and capital charges. This result occurred in 
spite of a decline in litter size due to early weaning. 
Ill 
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